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and electronics, and flown on Shuttle Mission
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" Shuttle experiment. Ground support equipment (GSE) was provided for the units.
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INTRODUCTION

This contract called for the design,
fabrication, testing and 1launch preparation of an
ultraviolet spectrometer system for use on spacecraft.
The major components of the system are the
spectrometers, the detectors, the telescope, the
scanning mechanism and the ground support equipment. A
photograph of the spectrometer with the telescope
attached is shown in FIGURE 1. The contract initially
called for a prototype to be constructed followed by
six (6) flight units co-aligned on a scanning
mechanism, At the time the contract was let, the
spacecraft had not been determined.

In March 1981 it was determined that the
prototype would be used on a shuttle orbiter flight.
After the successful flight of the prototype unit, the
contract was changed so that a package of two (2) units
would be prepared for another shuttle orbiter flight.
In addition, the ground support equipment would be
modified to support the two unit package during the
flight. Upon completion of this mission, the two units
would be refurbished and mounted in
the package of six spectrometer/telescope units as

originally proposed.




In September 1984, due to the unavailability of
the detector which was used on the prototype, it was
necessary to redesign the spectrometer. Because of the
difference in physicalhsize between the two detectors,
an extensive redesign of the instruments was required.
This included the cam drive for the spectrometer
wavelength scanning mechanism, the front plate and the
detector housing.

Finally, the contract was revised to package
the four spectrometers not adapted to the shuttle
orbiter scanning platform together. These instruments,
along with the two on the scanning platform, have been

shipped to Air Force Geophysics Laboratory.




SPECTROMETERS - GENERAL INFORMATION

The seven spectrometers are all 1/8 meter
Ebert-Fastie mount with an aperture ratio of f/5.
These instruments all have a wavelength scanning, plane
grating and a concave spherical mirror. The
wavelengths, grating ruling and blaze wavelength are

presented in Table 1I.

WAVELENGTH DATA

SERIAL NO. : MODEL NO. : WAVELENGTH RANGE : GRATING

H : ¢ RULING : BLAZE
020 ¢ 17-193 H 115¢ - 1960 : 3600 : 13089
926 s 15-224 : 18006 -~ 3200 : 24060 : 3000
027 : 15-224 H 5009 - 8508 : 12098 : 5S0089
631 s 15-224 : 1600 -~ 2909 : 3600 : 2408
632 s 15-224 : 2700 - 5000 : 1200 : 5000
633 s 15-224 : 1166 -~ 19080 : 36080 : 1216
834 : 15-224 : 1100 - 1908 : 3600 : 1216

TABLE 1

The wavelength scanning drive of the grating
is a sinusoidal drive implemented with a cam. The
single revolution cam has a linear rise and a cycloidal
fly-back so that scanning is always done in the same
direction. The prototype instrument has an internal
cam and is pictured in FIGURE 2. The six subsequent
flight instruments incorporate an external cam drive.
The revised assembly of the flight spectrometers is
shown in FIGURE 3, This change was necessitated by the

manufacture of the photomultiplier tube (PMT)




discontinuing production of the detector used on the
prototype. The replacement PMT is larger in diameter
and interferes with the original cam motor mounting
arrangement.

The same telescope 1is wused with all of the
spectrometers. FIGURE 4 displays the telescope
assembly. Notice the alignment mirror assembly used to
co-align several Iinstruments to the structure is
illustrated here also. A dust cover 1is incorporated
into each telescope to protect the optics when the

instrument is not in use.




FUNCTIONAL CHARACTERISTICS

Spectral Bandwidth
The spectrometer bandwidth, as defined by the
grating ruling and slit size, range from 4.6 to 5.7

Angstroms for the various instruments.

Field of View

The maximum field of view of the
spectrometer/telescope system is 0.05 degrees (0.00087
radians). This was not measured precisely, but was
calculated from design dimensions and mechanical and
optical tolerances.

The prototype unit was mounted on a scanning
platform which oscillated through a 20 degree (9.35
radians) arc. This field-of-view scanning platform was
cam driven. The mechanical arrangement is illustrated
in FIGURE 5.

A pair of flight instruments were mounted on a
scanning platform which is driven by means of a stepper
motor through a worm and wheel gear train. This is
pictured in FIGURE 6. The field-of-view scan for this

mechanism is 75 degrees (1.31 radians).




Shutter

A torque motor operated entrance shutter is
mounted on each spectrometer. This can be used to
make dark count readings with the detector. 1t may
also be connected to the solar sensor to protect the
detector against unintentional overload from viewing

too near the sun.

Dust Cover

The dust cover pictured in FIGURE 7 is driven
by a stepper motor. Fiducial readers at each end
of the motion indicate when the cover is fully open or
fully closed. The dust cover must be completely open

in order for the instrument to operate properly.

Pump out Baffles

Pump out ports to allow equallization of
pressure are provided on both the telescope and the
spectrometer. These openings are baffled to prevent
stray light from entering. The pump out ports also
allow nitrogen to escape when the instrument is being

purged.

Purge Ports

Purge ports are provided to flood the telescope




and spectrometer with dry nitrogen prior to flight.
This 1is to keep qQirt and humidity from degrading the
optics. The plumbing for the purge is equipted with a

quick-connect fitting.

Solar Sensor

Solar sensors were provided to protect the
spectrometer detector from damage by exposure to too
bright a source. This sensor, shown in FIGURE 8, has a
28 degree (#.35 radians) field of view. The single
sclar sensor is capable of protecting several

co-aligned instruments.
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OPTICAL DESIGN

General

The basic design of the spectrometer is an f/5
Ebert-Fastie system, with a focal length of 1/8 Meter.
Straight slits were used since the slit height was
short, still allowing good image properties to obtain 5
Angstorm resolution. Detailed characteristics of the
optical system are shown in FIGURE 9, the system
optical layout, and FIGURE 16, the optical layout of

the spectrometer,

Telescope Mirror

The telescope uses an off-axis parabolic first
surface mirror, The mirror was fabricated from Cervit
without the optional center hole shown in FIGURE 11.
The rear of the blank was cut away to reduce weight.
The parabolic surface is aluminized and coated with
MgF2.

The mirror 1is constrained by eight (8)
non-metallic tipped screws around the edge. Two screws
on each side permit the necessary adjustments along the
X and Y axis as well as rotaticn about the Z axis.
Longitudinaliy the mirror 1is clamped at three (3)

points between non-metallic pads.




Ebert Mirror

The Ebert mirror was made from precision
annealed Cervit material. No weight relief was
performed on the mirror in order to eliminate
distortion when mounted in the mirror cell. The radius
of curvature was 250 mm + 1 mm. Three (3) flats were
ground into the front surface of the mirror to provide
mounting points, at which places non-metallic mounting
pads contact the mirror. The mirror is constrained
around the sides and back by non-metallic tipped
sSCrews.

The mirrors were aluminized and overcoated with
either MgF2 or SiO, whichever was appropriate to the
wavelength being investigated. The Ebert mirror is

shown in FIGURE 12.

Diffraction Grating

The replica diffraction gratings used were
ruled and blazed as indicated in TABLE 1. The grating
had a ruled area of 27.5 mm square. It was aluminized
and overcoated with either MgF2 or Si0O, as appropriate
for maximum reflectivity in the working range.

The grating blank is shown in FIGURE 13.

SLITS

The precision machined slits used in the
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spectrometers are cut on standard punched blanks.
Separate blanks are used to produce the height mask and
width slits, They are illustrated in FIGURES 14 and
15, respectively. This two piece construction permits
varying the height and width independently.

The slits are accurately positioned in the
front plate by means of the matching flat. The slit
widths on the instruments varied from 6.808 to 8.079 mm
with a slit height of either 6.0 or 7.8 mm.

The slits are assembled with the height mask
ahead of the width slit. The chamfer on the height
mask is in the direction of the light rays and width
slit is reversed. Notice that this results in the
entrance slit being installed in the faceplate opposite

to the exit slit.

Telescope Baffles

All of the interior surfaces of the telescope
are baffled to eliminate unwanted stray light.
Furthermore, a sun shade at the entrance to the
telescope provides additional rejection of off-axis

rays.

Spectrometer Baffles

Internal baffles were used in the spectrometer

to reduce unwanted stray light from passing through the

- 19 -




optical system and entering the detector. These
baffles were placed in front of the Ebert mirror. The
grating was also fitted with a mask to keep light from

reaching unused portions of the blank.

- 11 -




OPTICAL ALIGNMENT

General

This optical alignment procedure 1is the
standard procedure for aligning a RSI 1/8 Meter Ebert
Spectrometer. The principal elements of the
spectrometer requiring alignment are:

a) the Ebert mirror,

b) the grating,

c) the spectrometer housing,

d) the wavelength scanning mechanism.

Ebert Mirror

The mirror cell cavity is approximately 4 mm
larger than the mirror to allow for lateral movement
during optical adjustment. The mirror is held
laterally by six (6) set screws with non-metallic tips.
Four (4) screws are along the length of the mirror and
two (2) screws are at the ends. All of the screws
oppose one another.

Place the mirror in the housing, face up, and
center it by adjusting the six (6) set screws against
the side and ends of the mirror, but do not tighten.

Place the mirror mask with buttons over the
face of the mirror, noting the alignment of the three

(3) buttons with the three (3) corresponding locating

- 12 -




pads on the mirror. Move the mirror face towards the
buttons by adjusting the three (3) opposing set screws
until the mirror just touches the buttons.

The mirror and cell assembly can now be
installed onto the main housing with the adjusting shim
between the mirror mask and the main housing. Clamp
the mirror cell in place with 16 #2-56 x 1/2" long
socket head cap screws and tighten to 1.4 inch-pounds
torque.

A preliminary check of the Ebert mirror
alignment can be made by attaching a flat test mirror
to the inner surface of the front plate keeping the
face of the test mirror parallel to the axis of
rotation of the grating.

With the test mirror attached to the front
plate, install the front plate onto the opposite end of
the main housing. Focus a 4X power eye loop onto the
exit slit opening with the slits installed. Looking
through the loop, the image of the entrance slit
should be visible. If the slit image of the slit
openings are not in line, adjust the three (3) set
screws at the rear of the mirror until the proper slit
opening alignment is achieved. Remember, this 1is a
preliminary mirror alignment and will be finalized

after the grating is installed and aligned.

- 13 -




Grating

The box which holds the grating is designed in
the same fashion as the mirror cell. Set screws with
non-metallic tips at the sides and back and Kel-F pads
at the front support the grating.

Paying attention to the relationship of the
grating box with respect to the entrance and exit slit
position, place the grating into the box face up with
the blaze arrow pointing toward the exit slit. Center
the grating and keep the ruled 1lines of the grating
parallel with the grating box cavity walls by
tightening or loosening the set screws at the sides of
the grating.

Place the grating mask with buttons over the
face of the grating, noting the alignment of the three
{3) buttons with the three (3) adjusting set screws at
the back of the grating which must oppose the buttons.
Tighten the three (3) set screws at the back of the
grating until the face o0f the grating just touches

the face of the locating buttons.

HOUSING
With the grating and mirror contained loosely
in their respective holders, the final alignment

procedure can be carried out as follows:

- 14 -




a) The mirror cell should be firmly secured to
the main housing.

b} The front plate with the rotatable grating
box assembled to it can be clamped to the main housing
with only a few screws because it must be removed each
time a grating adjustment is required.

c) Install alignment slits that have about a
1/2 mm width opening and a cross hair through the
center of the slit.

d) Attach an arm to the grating box journal so
that the rotation or "fanning" of the grating
through the spectrum wavelength can be controlled.

e) Focus the 4X power eye loop on the exit
slit.

f) Illuminate the entrance slit light path
with a mercury lamp or some other suitable light source
that will give a visible spectra.

g) You should now be able to see the entrance
slit with the cross hair and the reflected image of the
exit slit and its cross hair through the eye loop, by
fanning the grating back and forth through both the
positive and negative spectrum.

h) While fanning the grating from negative to
positive, observe if the image of the cross hair is

constantly in line with the stationary cross hair.

- 15 =




1) If the imaged cross hair appears to
move up and down while fanning the grating, then the
set screws at the sides of the grating must be
adjusted to correct this error in alignment

2) If the image of the cross hair
remains straight while fanning the grating but is
above or below the stationary cross hair, then the
tilt of the grating must be corrected by adjusting
the three (3) set screws at the back of the grating.
This condition can be improved by adjusting the tilt
of the Ebert mirror after optimizing the grating's
parallelism with the grating box axis of rotation.

i} When the alignment is satisfactory, the set
screws locating the mirror and grating are part of the
clamping arrangement and must be tightened. Tighten
the set screws holding the grating to 1.4 inch-puonds
torque, and those holding the mirror to 3.6

inch-pounds.

Focus

With the alignment complete, the focus must be
checked with the use of a 10X power microscope.
Install the actual slits at their respective positions.
Focus the microscope on the exit slit, keeping it in
line with the spectrometer light path. 1Illuminate the

entrance slit opening with a mercury lamp. Set the




grating so that one of the edges of the entrance slit
is imaged into the microscope with the spectrum set at
the green 1line, focus the microscope on the imaged
slit. The distance, if any, that the microscope must
be moved in order to focus on the exit slit then focus
on the entrance slit image 1is the distance that the
optics are out of focus. This focusing error is
corrected by either increasing or decreasing the
thickness of the shim between the mirror mask and the

main housing one half of that difference.

The next procedure for the aligning the
spectrometer would be to set the wavelength in
conjunction with the cam's designated wavelength
scanning motion and pin the grating arm. Because a
telescope type <collimator 1is to be installed on the
front plate we must leave the grating box free to
rotate in order to check the alignment of the telescope

optics with the spectrometer optics.

Telescope Optics Alignment

To facilitate the optical alignment of the
telescope, the following items are required:

a) Six foot optical bench.

b) Horizontal and vertical slides mutually

perpendicular to the optical bench centerline,

- 17 -
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c) Mounting device which permits rotation of
the instrument about the vertical axis
perpendicular to the optical bench centerline.

d) Helium-Neon Class II Laser.

e) A set of alignment plates that mount to the
telescope, with a 1/16" aperture at the center.

The laser must be on slides that allow it to be
moved vertically and horizontally while maintaining the
parallelism with the longitudinal axis of the optical
bench. Mount the telescope body securely to the
optical bench along with an alignment plate fastened to
the front and rear of the telescope. Those alignment
plates should have a pilot hole through them that
represents the center of the telescope. Adjust the
telescope and/or the laser until the laser beam is
projected through each alignment plate. After this has
been done, the telescope and the laser are now in line
with the optical bench axis.

Remove the back or mirror erd alignment plate
and install the mirror housing along with the mirror
which is located by three (3) Kel-F buttons at the face
of the mirror, three (3) non-metallic tipped set screws
at the rear of the mirror that oppose the buttons and
eight (8) soft tipped set screws at its sides which

also oppose one another. With the mirror in place, the




laser beam should now be passing through the center
pinhole in the front alignment plate onto the mirror
and reflecting back through a second pinhole in the
alignment plate. The set screws at the back of the
mirror must be adjusted until the beam passes through
the second alignment pinhole. Next, scan the laser to
the outermost reflecting areas of the telescope's
parabolic mirror and adjust the mirror so that the
reflected laser beam passes through the center pinhole
of the second alignment plate at the slit position

Once this is accomplished, the set screws can
be tightened to 3.6 inch-pounds torque, while keeping
the alignment in tact. Without disturbing the
positioning of the telescope on the optical bench,
mount the spectrometer onto the telescope. Set the
grating at zero (#) order and pass the laser beam
through the spectrometer and out the exit slit. If the
beam does not come out the exit slit, the alignment

procedure must be repeated.

Wavelength Setting

When the optical components are 1in proper
alignment and focus and securely mounted, the mechanism
that defines the spectrometer's specific wavelength

scanning range can be set. To set the grating to the




proper angle that will define the wavelengths to be
scanned requires special tooling. This tooling allows
the grating to be set at zero (@) order and then very
precisely rotated to a predetermined angle which
defines the minimum wavelength setting. With the
grating at the predetermined angle and the cam follower
pin set at the lowest point on the cam, the grating arm
can be secured to the grating box journal. The
scanning range is fixed by the rise of the cam. If a
different wavelength scanning range is required, a new
cam must be installed. The scanning mechanism has a
fine adjustment that allows the experimenter to
tune the wavelength setting to the specific

photomultiplier tube being used.

- 20 -




ELECTRONICS INTRODUCTION

The electronic documents are described, the
state of the instrument at completion of contract is
detailed, and suggestions for preparation of a specific

flight are given.

Documentation

Two major documents are included which cover
the electronics for these instruments, (1) Electronics
Manual Flight Instrument HUP2 and (2) Calibration and
Testing System. The first covers all the electronics
for the flight instrument and details the
microprocessor software. The second describes the
calibration and testing system which is used to operate
the flight instrument on the ground during calibration
and check out.

Copies of all documents are provided om MS-DOS

disk to make editing easier.

6.1.1 Flight Instrument Electronics Manual

The Flight Instrument Electronics Manual first
describes each piece of electronic hardware and gives
critical parameters for its operation. Pinouts and
physical size are not covered here but are available on
the appropriate mechanical drawings

The second section describes the software for




the flight controller. A general description and
design philosophy are given and then details of the
flight program are layed out.

The third section explains in a step-by-step
fashion how to develop software for the controller and
burn PROMs. This makes adapting the software to
specific flight requirements a straightforward effort.

Also included are a variety of appendices
giving the Memory and 1/0 Map, Data Word Bit
Identification, Forth Core Words, 8085 Assembler Words,
and References. Listing for three versions of the

flight software are attached at the end.

6.1.2 Calibration and Testing System

The Calibration and Testing System Manual
describes the use of a custom RSI CTS card in an IBM
compatible computer to calibrate and test the flight
instrument. Details of the hardware are given with
available options and then a description of the driving
software.

A detailed explanation is given for adapting
the CTS system to various flight configurations.
State of Electronics

The completion of the electronic components and
proving of software was stopped when the 1last flight

opportunity was lost., It did not seem prudent to spend

- 22 -




6.3

money completing portions of the system which would
have to be altered to suit a new flight. When a flight
is defined, the existing hardware and software can be
modified and completed to suit the particulars of that

flight in a relatively short time.

6.2.1 Flight Software

The flight software is complete and has been
tested on a breadboard system. Some modification will
be needed to match a new flight configuration but most
of this will be editing of the existing program.

Debugging in Forth is both straightforward and fast.

6.2.2 CTS Software
The CTS software will have to be adjusted to
suit the new data configuration but this system is very

adaptable in this regard.

Flight Preparations

This flight instrument can be adapted for wuse
on a wide variety of spacecraft and even land or marine
systems. This involves first defining the components
to be included and then adjusting the hardware and

software to suit the new system.

6.3.1 Components

This instrument may be used as a group of one,

- 23 -




two, or four spectrometers which maybe mounted on a
scanning platform. Each instrument will have a
detector, shutter, dust cover, wavelength scan motor,
fiducials, and microporcessor controller. Each may
have a mercury lamp and a sun sensor,

The software for the individual controllers can

be easily edited for the specific components included.

6.3.2 Power

This instrument uses +28 VDC power and +5 VDC
power. The +28 VDC is usually provided directly from
the spacecraft power supply and runs the motors,
integrated detectors, and mercury lamps. A small input
filter is included in the instrument.

I1f the available voltage is substantially
different from +28 VDC then a DC to DC converter will
be needed.

The electronics runs off +5 VDC which must be
provided by a DC to DC converter. Flight power
supplies of this type are available from several
suppliers.

The Flight Instrument Manual contains the

information needed to size these power supplies.

6.3.3 Communications

The present design of the instrument expects a

Data Bit Clock and a Data Enable Signal from the

- 24 -
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spacecraft and will provide the data in the form of
serial data. This system may be easily adapted to a
new flight environment which uses a different number of
instruments, different clock rates, and even different
signal levels.

The design of the Spacecraft Interface Module
may have to be adjusted for the time of signal. The
present design assumes single TTL compatible signals,
but it will not be difficult to adjust the design for
differentially driven signals, or CMOS level signals.

The number and meaning of the data bits may be
adjusted in hardware and 1is described in detail in
Appendix B. First, edit Appendix B to suit the new
conditions and then adjust the software appropriately.

If the new system communicates over a RS-232 or
RS-422 system, these can be accommodated by using the
RS-232 development line designed into the Controller.
Appropriate level shifters will be needed in the
Spacecraft Interface Module. Software modifications
will also be“needed but this will be limited to a

single screen.

6.3.4 Space

The space available for the new configuration
will determine the physical layout of the system and
may dictate the required shape of the system. The

present layout for the microporcessor board has all the

- 25 -




s e ———

connectors along one side. This is convenient for
cabling in some applications but difficult in others.
The development connectors are also mixed in with the
flight connectors and may be hard to reach if cables
are in the way.

Available space also clearly has an affect on

cabling.
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APPENDIX A

AFGL-801A HUP

INTRODUCTION

The AFGL-801A Horizon Ultraviolet Program Experiment
consists of a spectrometer which scans from 1198 to 196¢
Angstroms, a platform which scans through an angle of 20 degrees,
and various support modules. This document will cover the seven
(7) various support modules' contents and operation. The
following modules are included.

l. +5 V Power Supply

2. +/-15 V Power Supply

3. 8085 Microprocessor Control

4. Stepper Motor Power Control

5. 1Integrated Detector

6. Solar Sensor

7. Mercury Vapor Calibration Lamp

Spacecraft interface is provided via flight connectors
Jl1, J2 and J3. There is also an AGE connector for GSE
communication via the HP-85 and its RS-232C interface Model
82939A. The following enclosed schematics should be referred to
for full understanding of the 80lA experiment.

+5V Power Supply Input Stage

+/-15V Power Supply

Microprocessor Controller Circuitry 806-193-9-7
Stepper Motor Power Module 489-193-9-4
Integrated Detector 239-215-9-2
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Solar Sensor 680-215-0-4
Hg Calibration Lamp 176-193-6-2
+28V Power Filter 442-193-9-1
AFGL-801A Wiring Diagram 4-193-7008-1
Stitch Weld Board-Stepper Motor Driver 480-193-40-1
Stitch Weld Board-Microprocessor Cont. 800-193-40-1

All connectors are presently labelled with nylon cable
tags so that identification should be no problem., The experiment
is powered by +25 to +33 VDC at approximately 1 to 1.5A. The
major power sinks are the five (5) motors (spectrometer,
platform, dust cover, and latch stepper motors and the slit
shutter torque motor) and the +5V power supply (Abbott Transistor
Labs Model C5DH2.5). RFI shielding is provided on the majority
of the wiring harness and all electronics boxes and connectors
are case grounded to the support structure. During EMC testing,
it was found that a power filter was necessary to keep the
conducted emissions in specifications. A power filter was
therefore included in series with the input power connector. This
power filter is an inductor-capacitor pi type. Electro-optical
fiducials are provided with all the stepper motor systems for
limit or mark information to the microprocessor.

Other features are a slit shutter which is used for dark
counts, a solar sensor which turns off the integrated detector
high voltage and closes the slit shutter in the event of the sun
being within a 1@ degree field of view, a mercury vapor
calibration source for wavelength calibration of the

spectrometer, a dust cover to prevent contamination of the system
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optics, and a latch for securing the instrument during ascent and
descent.
SECTION 1

POWER SUPPLIES

The power input to the experiment is defined in the ICD
as 25.0 to 33.8 VDC not including ripple. The experiment has two
(2) power systems to convert this nominal 28V power to 5V and to
+/-15 VDC. The 28V to 5V DC/DC converter is manufactured by
Abbott Transistor Laboratories, Inc. It is Model C5DH2.5 and its
input circuitry is included with the schematics. This
information is proprietary so that only the input capacitor value
was provided by Abbott Transistor. The 28V to +/-15V DC/DC
converter is RSI Model 441-193 and is capable of providing well
regulated +/-15 VDBC up to a 400 ma. load. Both of these supplies
are hermetically sealed.

It should be noted that the power is routed from
spacecraft interface connector J1 to the 5V supply whose housing
acts as a junction box for re-routing the +28 VDC as well as
providing the 5 VDC. There is a 1 mH inductor contained inside
the housing in series with the +28 V power lines for inrush
current limiting.

INTEGRATED DETECTOR

The integrated detector package is a modified version of
RSI Model 230-210 and is designated with a new model number, RSI
Model 238-215. This modification was isolating the three (3)
grounds ~ case, signal and 28V return. All other electronics

remain the same.
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The integrated detector contains a PMT, pulse amplifier
discriminator and a high voltage power supply. The

photomultiplier tube is an EMR Type 5106-G and is sensitive in the

wavelength region 1150 to 2208 Angstroms. High voltage is
adjustable over the range 1500 volts to 3088 volts with a 1660:1

HV monitor output. There is a thermistor encapsulated near the

front face of the PMT for temperature monitoring. The unit is |
encapsulated for operation at any pressure from one atmosphere to

space vacuum.

MERCURY CALIBRATION SOURCE

Incorporated in the experiment is a calibration source
consisting of a miniature Hg vapor lamp and a power supply. The
lamp is custom constructed for RSI by Ultraviolet Products,
manufacturers of the well-known Pen-Ray lamps. It is 4mm in

diameter in order to fit between the light baffle vanes in the

telescope. The power supply produces the breakdown voltage and
also the current for rapid turn-on and warm-up. It is controlled
by the microprocessor via a relay in the power module.

It must be realized that the location of the lamp does
not allow direct irradiation of the spectrometer slit and thus
the grating. The method employed for wavelength calibration
depends on the scattering of light from the back of the dust
cover which is left as bare aluminum. The lamp illuminates the
telescope mirror, which, in turn, illuminates the back of the
dust cover. The dust cover scatters light back to the mirror and
into the spectrometer system.

SOLAR PROTECT SENSOR

I ¥




The solar protect sensor consists of a phototransistor
and trip circuitry for indicating the presence of a bright source
in the field of view of 10 degrees (+/-5 degrees about the
direction of the telescope), the bright source being the sun in
this case. Outputs of the sensor are a Sun Presence signal and
the Intensity of the source. (A Threshold Level is output for
initial set-up.) The Sun Presence signal is a discrete level
output signifying whether the source intensity is or is not above
the trip point set by the Threshold Adjust potentiometer. The

other signals are analog in nature.
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SECTION II

EXPERIMENT CONTROL THEORY OF OPERATION

The brain of the AFGL-80lA experiment is an 8085A
Microprocessor, Ul. The processor is programmed to respond to
the eight (8) commands, check various status information, provide
housekeeping, step the appropriate motors and output data and
errors to either the spacecraft interface or the HP-85 RS-232C
interface. It conserves power in the experiment by powering up
or down the various motors at the right times. The detailed
discussion below will be clearer if the microprocessor controller
and the power module schematics are reviewed.

The 8885A microprocessor (Ul) is linked to the outside
world through its support chips, its interrupts and serial ports.
The support chips are one (1) 8755 EPROM/IO (Ul15), two (2) RAM/IO
(U7 and Ul4), and one (1) B251A UA/ART (U3). The 8205 U6)
selects one of the four (4) chips attached to the microprocessor
address/data bus.

The 8251A US/ART provides communication to the HP-85
RS-232C interface. The baud rate clock for the US/ART chip is
provided by U37 and U4 dividing the processor clock (3.872MHz) by
5 and then 16 respectively, a total divisor of 88. This
communication was confiqured to run at 2400 baud by using the
divider included on the US/ART to divide by 16 again. This gives
us:

3.872MHz/ (5x16x16)=2400
Finally, the voltage levels are made RS-232C compatible using

level shifters U35 and U36.
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The other three (3) chips on the microprocessor bus are
memory chips with I/0 ports. The 8755 EPROM contains the stured
program and the two (2) 8155°'s are used for scratch-pad memory,
retaining the system status, previous data, fiducials, etc. The
1/0 ports on these chips comprise the most important link between
the microprocessor and the experiment: through these ports,
information is supplied to the 8685. (There is also some limited
data supplied to the 8685 via its serial input port-(SID) and
limited control via the serial output port-(SOD).) These ports
provide the following support:

1. Input the data from the integrated detector's
pulse counter.

2. Send motor pulses to the Stepper Motor Power
Module to step

the various motors.
3. Disable pulse input to the counters during a

count latch.

4. Close the slit shutter for dark counts.

5. Output the data to the serial shift register.
6. Input data from the A/D converter.

7. Input command latch data.

8. Input fiducial data.

9. Control various multiplexors for data selection.
lo. Override the solar sensor lockout.

11. Operate the calibration lamp.

12, Power up/down the different motors, i.e. operate

the latch




relays.

1/0 INTERFACING

The 1/0 interfacing will now be addressed by examining
each port's operation. The ports are labelled PORT Al, PORT Bl,
PORT A2, PORT B2, PORT C2, PCRT A3, PORT B3, PORT C3. To be
included in this discussion are the two (2) timers on the 8155
chips, TIMER1 and TIMER2,

PORT Al and PORT Bl are contained on the 8755 EPROM/I0
chip (Ul15). PORT Al is used for transferring the six (6) data
bytes to the serial shift register Ul6 for output to the
spacecraft. This port does not load the data into the shift
register, but only presents it there, pending a load pulse from
TIMER1 OUT. This timer is set up to send a pulse for every eight
(8) pulses it receives. This pulse is shortened by the 54LS221
(u39) to keep data loading at the proper time (see Timing
Diagram, Figure 16). After the byte of data has been loaded, the
software updates the parallel byte to the next byte for output.
In this manner, only one (1) parallel to serial shift register is
necessary. The serial output line is buffered and routed to
spacecraft interface connector J3 ~ Digital Signal Out. Serial
shifting is timed to the Digital Shift Clock provided by the
spacecraft. This signal also increments the timer so that on the
eighth data bit being shifted out, another byte will be loaded.
After the sixth byte has been output (and the Data Shift Clock
discontinued), it is necessary for the processor to set the first
byte loaded in before the next Enable Data Strobe. This is done

via software and PORT C3, Bit 1. (Note: Bit designation goes
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from Bit 1 for least significant bit to Bit 8 for most
significant bit in this discussion.)

PORT Bl is a multi-purpose input port used to input data
from either the on-board A/D converter, the command latch, or the
fiducial buffer. It basically has its own little bus with three
(3) tri-state buffers (U22, U23 and U25) attached. The buffer
selection is accomplished using bits 1 to 3 of PORT A3.

The first 8155 (U7) contains ports A2, B2 and C2. PORT
A2 and PORT B2 are the input ports used to read the present data
pulse count in the counter latches. PORT C2 is used for three
{(3) functions. Bits 3, 4, 5 and 6 are used to pulse the
spectrometer, platform, dust cover, and latch motors,
respectively. Bit 1 gates the data pulses into the data pulse
counters, which are ripple counters, previous to the count being
latched into U8 and Ul®. This prevents any counter-action (i.e.
rippling) during latching. The pull up resistor, R58, is needed
because the ports are configured as inputs on power up and R58
pulls the line high, not allowing pulses to the counters until
the processor allows it. Bit 2 of PORT C2 is used to close the
dark shutter under microprocessor control. TIMERl is also on U7,
Its function is to provide a pulse each time eight (8) Data Shift
Clock pulse occur. This pulse triggers U39 to generate a shorter
pulse to load the byte presently at the shift register's parallel
input lines. The pulse also tells the microprocessor that the
new byte is loaded for it to set up the next byte on the parallel
lines. The-timing diagram (Figure 16) shows how this all falls

together. You will notice that PORT C3, Bit 1 is used in




conjunction with TIMERL. This is needed in order to load the
first byte into the shift register, anticipating the next data
output sequence (see Figure 16).

The second 8155 (Ul4) contains PORT A3, B3 and C3. This
chip is used primarily for multiplexor and latching relay
control. PORT A3 Bits 1, 2 and 3 are used to select one of five
(5) operations through 8205 (U2) one-of-eight decoder. These
functions are listed in Table I1. PORT A3, Bits 4 and 5 are used
to select one of four (4) analog signals for presentation to the
on-board A/D converter. The analog multiplexor is the LF11568
(U28) chip. The four (4) analog signals are defined in Table 1IV.
PORT A3, Bit 6 is used in conjunction with command 4 in
overriding the solar protect circuitry. PORT A3, Bit 7, is used
to operate the calibration lamp relay in the Stepper Motor Power
Module (Relay K5). PORT B3 is used solely for the power up/down
latching relays K1-K4. The actual function of each bit is
defined in Table I. As noted above, PORT C3, Bit 1 is used in
loading the first byte into the serial shift register. PORT C3,
Bits 2 and 3 are used to select one of four (8) digital lines to
the microprocessor's SID input port through the 54LS193 (Ul19)
one-of-four multiplexor. The four (4) inputs are defined in
Table III. Note that PORT A3, Bit 8 and PORT C3, Bits 4, 5 and 6
are presently unused. TIMERZ2 on this chip is used when the HP-85
RS-232C interface is in operation. It generates an interrupt
every 19 ms, simulating the spacecraft Enable Data Strobe signal.
This 100 Hz signal is derived from the baud rate clock comprised

of U37 and U4.
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It should be noted that the addressing of any of the
above and the US/ART is done by the addressing bus and the 8285
(U6) chip selector. The determination of which chip is selected
depends on the configuration of the address bits All to Al3,
Thus, the address locations are defined as follows:

(U15) 8755 EPROM/IO 0000-87FF

(u7) 8155 RAM/IO 0800~ 08FF
(U14) 8155 RAM/IO 1800-10FF
(3) 8251A US/ART 1800
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Bit
Bit
Bit
Bit
Bit
Bit
Bit

Bit

TABLE I

Power

Power

Power

Power

Power

Power

Power

Power

Up Latch

Up Dust Cover
Up Platform

Up Spectrometer
Down Dust Cover
Down Latch

Down Platform

Down Spectrometer
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Depending on whether the I0/M line from the 8085 is high
or low determines whether the 1/0 ports or the memory section of
these chips is selected, respectively. All chips on the
processor bus are reset on power-up. This means all ports are
configured as inputs, timers are disabled, and the US/ART is
non-functional., It is the job of the microprocessor to
initialize the US/ART and configure the ports correctly. Also,

any user memory space should be cleared.

SUPPORT CIRCUITRY

The various building blocks which lend support to the

microprocessor are outlined next.

1. Data collection.

2. Data output, T/M output.
3. A/D Converter.

4. Command Latch.

5. Fiducial input.

6. Relay Drivers

7. Solar Time-Out.

8. Multiplexers/Selectors.

All spacecraft interface signals are buffered by the

AFGL-8P1A electronics package.

DATA COLLECTION

The integrated detector included in the AFGL-801A

experiment outputs a TTL compatible pulse for each photon event
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which occurs on the photomultiplier face. This pulse is
transmitted via a coaxial cable to the microprocessor
electronics, where it is gated by PORT C2, Bit 1. From there,
the data pulses are counted by a 16-bit binary counter, made up
of two (2) 54LS393 chips (U9 and Ull). Every 19ms an interrupt
occurs and the microprocessor stops the counters and latches the
data via the two (2) 54LS273's (U8 and Ul@), restarting the
counters immediately after latching. Thus, at most, 5U 's are
lost in the dead time. (The interrupt is generated either by the
Enable Data Strobe or internally by TIMERZ2, depending on the
interface - spacecraft or HP-85.) The counters are only reset at
power on and thus continuously count in a ramp counter fashion.
It is the microprocessor s duty to do the proper subtraction.
Data is input to the microprocessor via the port's A2 and B2.
Timing of these counters and latches is somewhat tricky in that
it uses the ALE line of the 8085. See Figure 17 for a clearer

picture of the timing involved here.

DATA OUTPUT

There are two (2) telemetry signals in the AFGL-881A
experiment, The HV monitor of the integrated detector is a
1800:1 ratio of the actual high voltage on the photomultiplier
tube (PMT). The HV monitor is buffered using one (1) op amp of a
LM124 (U24). The other telemetry signal is a temperature monitor
of the area near the face of the PMT. This is made up of a
Fenwal thermister (Type GA51J11) and a +5 volt supply. Again,

this voltage monitor is buffered with another op amp of the LM124
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(U24). Note that there is a 5.1Kohm resistor in series with the
output to satisfy the output impedance specification of the ICD.
The digital data output circuit is fairly complex. 1Its
function is to take data stored in the microprocessor in parallel
form and convert it to a serial bit stream, 48 bits long. This
situation has to meet the interface specifications provided by
the ICD concerning data synchronization. The complication arises
from allowing the microprocessor to handle the data transfer and
using only one (1) 8-bit shift register. The alternative would
have been six (6) shift registers; the processor would need only
to shove out the six (6) bytes of data and then idle. The
decision was to have the microprocessor do the work and save on
hardware. With this understanding, the data output circuitry

will be explained. Refer to the Timing Diagram in Figure 16.

The timing of the digital data output is synchronized
with the Enable Data Strobe and the Digital Shift Clock. To do
this, the hardware utilizes the times on the 8155 chip (TIMERL).
The input to this timer is the Digital Shift Clock OR-ed with
PORT C3, Bit 1. The timer is set up to produce a negative going
pulse for every eight (8) pulses presented to its input. Since
there are eight (8) bits to be shifted out between each load,
this synchronizes the parallel loads with the serial shift out.
(At this time, it should be noted that the microprocessor's data
transfer routine is synchronized by the Enable Data Strobe
interrupting the microprocessor.) A few notes on Figure 16 are

in order. There are tics above the Digital Shift Clock which
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indicate where the data are sampled by the spacecraft PCM. The
tic marks above the Data Out line indicate where the data output
of the shift register changes for the next bit output in pin 9 of
Ul6é. The @ and l's in this line show what value would be sampled
by the spacecraft. This line also demonstrates that the data are
stable at sample times.

Previous to the Enable Data Strobe going high, the first
byte of data (the low order data count) is loaded into the shift
register Ul6 in anticipation of the data transfer. When the
Enable Data Strobe goes high, the microprocessor goes into its
data output routine. The first byte has already been loaded, so
its bit pattern is shifted out of the rising edge of the Digital
Shift Clock. This clock also pulses the timer. When TIMERI
reaches an eight (8) count, it goes low until the ninth count,
where it returns high. Thus, a pulse, one clock cycle long, is
produced every eight (8) clock pulses. This pulse produced by
TIMER1l is too long to be used as a load pulse of the shift
register because the next clock is needed to make it go high.
This would throw the data out of sync by one (1) bit each time a
byte is loaded. Thus, a shorter pulse is needed and is provided
by the 54LS221 one shot (U39), triggered by the falling edge of
the TIMER1 Out Signal. This 1U s pulse is used for loading the
shift register. 1In this fashion, all 48 bits (six bytes) are
output to the spacecraft. However, in looking at the sample Data
Out line in Figqure 16, it shows a glitch can occur just before
the next parallel load. This is due to the shift register

outputting the serial input line of Ul6. It is of no consequence
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since the true data is loaded well before the sample time. (Look
at the data output change tics to see when data is changed. The
two (2) close tics indicate that the Serial Shift In Line has
reached the output, due to the propogation delays in TIMERl and
the one-shot U39. It is immediately disposed of before data
sampling occurs.)

One last comment will conclude the Data Output Section.
Looking at Figure 16, it is apparent that, although 48 bits are
shifted out, there is no provision for loading the next byte.
This is due to the Data Shift Clock being turned off at the end
of the transfer. Thus, PORT C3, Bit 1 is used to load the first
byte of the next data transfer and also increment the
timer/counter to the proper count. Thus, it is that the output
data is always one transfer time behind real time. Also note

that the output signal line to the spacecraft is buffered.

A/D CONVERTER

Included in the microprocessor module is an analog to
digital converter (A/D converter) which is capable of converting
up to eight (8) analog signals. There are presently three (3)
signal which can be converted: The HV Monitor, the Temperature
Monitor of the Integrated Detector, and the Intensity Monitor
from the Solar Sensor.

The A/D Converter circuitry consists of a 1 of 8 analog
multiplex or of (U28), a sample and hold (U26), the A/D converter
(U27) and the tristate buffer (U25). The board which contains

these analog components is a double-sided copper-clad printed
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circuit board to act as a well shielded ground plane board. This
board is then rivited onto the digital board in the
microprocessor module. It should be noted that there is only one
point in common between the analog ground and the digital ground.
This occurs just beside the A/D converter and is used to keep
digital transients from destroying the accuracy of the converter.

The theory of operation is as follows:

The microprocessor selects one of four signal lines of
the analog multiplexor via port A3, Bits 4 and 5. The LF 11508
chip (U28) decodes this information and passes the appropriate
signal to the sample and hold (U26).

The sample and hold and the A/D work in tanden. For the
AD571 (U27), the sample and hold amplifies (SHA) AD582H (U26)
serves as a high impedance buffer. The control signals are
arranged so that when the control line goes low, U26 is put into
a "hold" mode, and the A/D U27 will begin its conversion cycle,
The DATA READY (DR) line is fed back to the other side of the
control date so that U26 cannot come out of "hold" mode during
the conversion cycle. At the end of the conversion cycle, DATA
READY goes low, automatically placing U26 back into the sample
mode.

The processor initializes a conversion cycle by selection
63 of the 1 of 8 decoder (U2). Since the A/D is used in pulse
control mode, the processor, after starting the conversion, then
gates the tri-state buffer (U25) and awaits a signal that the
conversion is complete.

The DATA READY line signals the microprocessor through
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its SID port. The Processor then inputs the converted data via

the tri-state buffer U25 and PORT Bl.

COMMAND LATCH

Commands are brought into the 881A experiment via
connector J2. These signals are described in detail in the ICD.
In brief, they consist of +25 to +33 Vdc pulses of ~ 106 ms
duration., The input circuitry used to latch these various pulses
is zener diode CR11-CR1l8, opto-couplers 0Cl-0C8, and R-S
flip-flops U29 and U31l. The zener diodes have a breakdown of
15V, thus, no current flows in the LED portion of the
opto-couplers until the pulse is greater than 15V. This guards
against noise triggering the R~-S latches. After the pulse
exceeds 15V, the opto-coupler turns on and sets the appropriate
flip-flop. This information is latched until the microprocessor
sends out a reset pulse via 04 of the 1 of 8 decoder U2. When
the proper time occurs in the software, the latch commands are
loaded from U29 and U331, and then a reset pulse sent (a negative
going pulse). The software then responds to the command

information.

FIDUCIAL INPUT

There are eight (8) fiducial monitors on the 8@1A
experiment. (A fiducial is a marker indicating a given mechanic
configuration of the experiment, e.g., platform at stowed
position.) These fiducials are:

1. Latch Closed
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2. Latch Open

3. Latch Attitude

4, Dust Cover Closed

5. Dist Cover Open

6. Platform Cam

7. Platform Stepper Motor

8. Spectrometer

The latch fiducials (1, 2 and 3 above) give information
concerning the position of the latch pin. Latch Attitude refers
to the angle of the platform. This fiducial gives an indication
that it is okay to close the latch. 1Items 4 and 5 are
self-explanatory. The platform has a fiducial indicating each
complete cam rotation (6) and thus, a complete platform cycle and
another fiducial indicating each rotation of the stepper motor
driving the platform (7). The spectrometer's fiducial indicates
the start of each wavelength scan. A typical fiducial reader and

the spectrometer fiducial are shown on the schematic.

This information from the fiducials is buffered via 122
and loaded into the microprocessor under software request through

PORT Bl.

RELAY DRIVERS

There are six (6) relays used in controlling the
experiment., These include four (4) for power up/down of the
motors and two (2) for on/off control of the Hg lamp and the
integrated detector.

The power up/down relays are the latching type. They are
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controlled via PORT B2, its associated buffers (Ul7/4-0U17/8 and
U38/5-0U38/8), and drive transistors (T2-5, T7-18). The
microprocessor must send a pulse of 5 ms minimum to assure latch
up of the chosen relay, after which the pulse may be removed.
The calibration source is turned on via PORT A3, Bit 7,
buffer U17/8, and transistor Tl. The integrated detector may be
turned off via PORT A3, Bit 6, through Ul3/3, and transistor Té6.
These relays are not latching, so a continuous level must be
present for the duration of the functions. (There is an
alternate manner that the detector is turned off, discussed in

the next seciton, SOLAR TIME-OUT.)

SOLAR TIME-OUT

The solar time-out feature is a circuit used to protect
the integrated detector from damage due to excessive light levels
(namely the sun). Attached to the experiment, near the entrance
to the telescope, is a Solar Sensor (RSI Model 686-215)., This
sensor outputs two (2) signals - an intensity signal which goes
to the A/D multiplexor, and a discrete level signal indicating
whether the intensity is above or below the trip point set via a
threshold adjust on the solar sensor. (See Schematic
680-215-0-04.)

This discrete Sun Presence signal is used to trip the HV
Lockout circuitry, comprised of U3#, U32, U33, U34, and various
gates. Note that the signal is active low, i.e. Sun Prescence =
@ implies that the light level is too high. This signal is

filtered to avoid any glitches triggering the time-out. It is
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then applied to the time-out circuits, the relay driver for the
integrated detector, and the driver for the slit shutter torque
motor. Thus, as long as Sun Prescence is low, the shutter is
closed and the HV of the detector turned off.

On the rising edge of the Sun Presence signal, the one
(1) minute time-out starts. (Sun Presence going high indicates
light levels are okay.) This time-out circuit is used to assure
that the HV is not repetitively cycled at a rapid rate; for
example, due to a spacecraft spin or oscillation, which would
flash the sun across the experiment time and again. If the Sun
Presence should indicate the sun again before the one (1) minute
has elapsed, the time-out is reset and awaits the disappearance
of the sun. The cycle is then completed after one (1) minute
with no sun by turning the HV on and opening the slit shutter.
Total time out is t sun + one (1) minute.

A provision has been made to override the solar protect
circuits via Command 4. This command ‘s hardwired directly into
the shut-off gates U13/3 and Ul3/4. Upon acknowledgement of
Command 4, the microprocessor must set Bit 6 of PORT A3 before
resetting the command latch.

Upon power-up, this time~out circuitry will be in an
indeterminate state, i.e., the counters U39 and U34 will be set
to an unknown count. Count will proceed until Bit Q2A of U34
goes high, resetting the timer U33. Thus, up to one (1) minute
may elapse upon power up before the HV on the detector will come
on and the experiment function. This should not be an

inconvenience because the latch and dust cover are opening during
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this time.

MULTIPLEXORS/SELECTORS

There are several functions provided by the various
multiplexors, selectors and decoders in the microprocessor
module. These will be presented in sequential order.

U2 is a one-of-eight decoder 82865. 1Its function is to
decode the three (3) least significant bits of PORT A3 to select

one of eight functions as shown below:

TABLE 11
a3 A2 Al FUNCTION
) 2 ] Select Command Buffer
2 0 1 Select Fiducial Buffer
] 1 ) Select A/D Buffer
0 1 1 A/D Start Conversion
1 g g Reset Command Latch
1 2 1 Unused
1 1 a Unused
1 1 1 Unused

The 82065 one-of-eight decoder U6 is used as a chip select
controller, decoding the address bits All =~ Al3,.

Ul9 is a four (4) input multiplexer used to select
various digital signals for presentation c¢o the serial input data
(SID) ports of the 80685. The four (4) signals and their address

code are shown below:

TABLE III
sl s8 SIGNAL
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a 8 TIMER1l Out

2 1 A/D Data Ready

1 ] Optical Test Sensor
1 1 Solar Lockout Status

A brief definition of these signals is in order. TIMER1
Out is used to indicate when eight (8) bits of data have been
shifted out through the shift register Ul6. Data Ready was
explained in the A/D CONVERTER Section indicating when data may
be accessed. The Optical Test Sensor signal shows when Hg
calibration lamp is on., The Solar Lockout Status Signal
indicates if the lockout circuits have shut down the high voltage
and closed the slit shutter.

The last multiplexer is the LF11588 (U28) of the analog
conversion section. Although it is capable of selecting eight
(8) channels, only three (3) analog signals are used. The

breakdown is:

TABLE IV
A& Al A@ ANALOG SIGNAL
a g 8 Solar Sensor Intensity
] 2 1 Detector HV Monitor
] 1 2 Detector Temperature Monitor
'] 1 1 Unused

- 50 -




ONIWIL AYLIN3NID 1NdLNO viva
91 914

<C Rean
B ._ _ P )7 T 119
£ 130d
<<
ﬁ P 0 0 _ 1 _ 0 ing
viva
_ I I e e T O R T B
TIONVHI LNdLNG viva
M S (¢~ :I :’
) P 38nd
avon
(,l_lllmh <« 1 [ [ a5ig
» P

E(a

P
I37dWYS v.iva

I(,Ilj

_mL Tl m

e e O L I e e B e

[
27

LIS
_ WIIDI

S1




Se

ONIWIL ANLINDHID HILV' v1va

(1 3F3aNBI4
INV

_ M 11 I 1 I o3 HOLYT
—\ I 20 13804
B V" \ / W/ar
T/ A 2
I\ A A
N I s WA A VRN YA T Y U
L L L =y ul L = L 1 v




APPENDIX B

Test Plan No. RSI 79-C-06044-0601 Prepared July 31, 1984

Acceptance Test Procedure
Horizon UV 881 Experiment

Prototype Spectrometer and GSE

AIR FORCE GEOPHYSICS LABORATORY
Hanscom Air Force Base
Massachusetts #1731

RESEARCH SUPPORT INSTRUMENTS, INC.
19610 Beaver Dam Road
Cockeysville, Maryland 21830
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ACCEPTANCE TEST PROCEDURE
FOR VERIFICATION OF OPERATION
HORIZON UV 861 PROTOTYPE
SPECTROMETER AND GSE

I. Equipment Required
A. Prototype Spectrometer, Model 17-193-0-1, S/N 420
B. Ground Support Equipment

1. Terminal, Hazeltine 1420
2. Printer, Centronics 730
3. Data Processor, SE 269

C. Interface Cables
D. Electronic Equipment

l. Oscilloscope-Tektronix 541 or better with 10:1
Probe

2, Digital Voltmeter-Four digit +/- .05% or better

3. Square Wave Generator-+5, 8 to 1 MHZ with
Attenuator

4. Counter- 10 MHZ, 40 MV sensitivity

5. Strip Chart Recorder-Brush 268 or equivalent

E. Optical Test Equipment

1. Vacuum chamber, 18 -6 Torr capability, ion pumped
or LN2 trapped.

2, Source, hollow cathode or equivalent to provide
spectral lines in 1266 Angstrom to 1808 Angstrom
spectral region.

3. Red Laser.

4, Optical bench setup.

5. Hg test lamp.

11, Preliminary Preparation
A. Visual Mechanical Checkout
l. Assure that spectrometer is properly assembled,
per drawing 17-193-8-1.
2. Assure that all interconnect cabling is properly
connected.
B. Set Spectrometer Wavelength
1. Remove cover door on housing to allow access to
grating arm.

2. Loosen screws in grating arm and remove, to allow
grating to swing to zero order position.
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III.

housing.

Remove detector assembly, set up Hg test lamp
over entrance slit. By eye, set grating to zero
order position with micrometer at "0" reading.
Be sure wavelength cam is set with follower pin
at beginning of rise.

Move micrometer to number calculated from sine
geometry for the beginning wavelength of the
scan (.6827 inch for 1156 Angstroms).

Lock wavelength arm onto grating box with two (2)
screws.

Remove setting arm and micrometer bracket,
re-install access door.

Wavelength setting cannot be checked visually.
Verification must be performed in a vacuum
environment with proper sources.

Re-install detector and cabling.

C. Complete electronic checks to assure proper
operation.

GSE Operations

The scanning spectrometer may be operated in one of four

modes.

SCAN

STOP

PAUSE

BAND

These modes are:

The instrument gathers data across the entire
measured spectrum with data accumulated at each
step. The data accumulation period is controlled
by SUMMATION PERIOD, a value selected during
initialization.

The instrument gathers data for an indefinite
period at selected step values. The data
accumulate period is controlled by SUMMATION
PERIOD. The step values are selected and entered
by the operator during initialization.
Optionally, the operator may advance the
instrument to the next selected STOP value or by
a discrete number of steps using the video
terminal for data entry.

The instrument gathers data for a selected period
of time at selected step values. The data
accumulate period is controlled by SUMMATION
PERIOD. The pause time controlled by PAUSE
DURATION, a variable entered during
initializations.

The instrument gathers data between two (2)
selected BAND values, as in the scan mode.

- 55 -




Data Initialization

Operating conditions for the instrument are entered using
the video terminal (VDT) in response to the inquiry
displayed. Up to nine (9) pages may be presented to the
operator depending on mode selected.

Each page contains information to assist the operator in
operating the instrument and establishing run-time
parameters. These pages may be reselected for viewing by
the operator without the need to re-enter data each time.
The pages are as follows:

Page 1 Title Page
Page 2 Keyboard Operation

Page 3 Mode Select
Initialized to SCAN. The operator enters a
number from 1 to 4 for Mode selection. At
present, Playback Mode is not operational and
the instrument will not accept an entry of 5.

Page 4 Summation Period
Initialized to 50 milliseconds. Used in all run
modes.

Page 5 Select Pause, Stop or Band Waves
At power-on, initialized to all zeros. Unchanged
from test to test. Note that entries are placed
in the table in ascending order. Data may be
entered at a specific table location by entering
the following: Table location value (1 to 10)
followed by a colon (:) followed by the data
value (@ to 9999).

EXAMPLE: 2:165 followed by a RETURN.

A RETURN without data presents the next page.

This page is not displayed if SCAN is selected.
Page 6 Pulse Duration

Initialized to 10060 milliseconds. Displayed only
in Pulse Mode.

Page 7 Data Acquisition
Allows selection of the printer and entry of
time-of-year and run identification. The
selections may be advanced using ae> or <
keys (with shift key depressed). The RETURN
key brings up the next page.




Page 8 Instrument Control
Allows turn on/off of the instrument, high
voltage to the spectrometer, open the shutter
(off) and the test lamp. These are initialized
at power-on to off with the exception of the
shutter which is closed (ON).

Note that the program is not at this time
sufficiently intelligent to know that it cannot
run in one of the four (4) modes with the
instrument off. If the operator should
inadvertently cause this to occur, power must
be cycled off and on to recover control.

Page 9 Number of Test Runs

Default value of one. Run-time controls are
displayed to assist the operator. One display,
for printer control, is incorrect. The <0 >
should be <CTRL - 0 > One updated feature,

for STOP mode incremental step advance, is not
displayed. To enable this function, depress
the control and E keys together. < CTRL-E >

After the operator is satisfied that his entries are
correct, a test is started by depressing the RETURN KEY
at Page 9. The instrument will first synchronize to the
start-of-scan position and begin to run. During a run,
the instrument will output data to the analog and
parallel digital outputs in accordance with parameters
set up by the operator. Data to the CRT and to the
printer are output on a one second basis. During a run,
the control functions; CTRL-O for the printer,

CTRL-S & S for KEYBOARD PAUSE, CTRL-C for run number
clearing, CTRL-E for STOP mode data entry and S for
STOP mode advance are active only when the CRT data

is being refreshed.

At the outset of the test run, the instrument will
display a summary page of the selected operating
conditions. If the printer is selected, this data
is also printed using a similar format.

At the end of a test run, the instrument will ask for

continuation or termination. If continuation is ,
selected, the instrument restarts at Page 1, «
reinitializing Mode to SCAN, Summation Period .
to 50 MSEC, Pause Duration to 186 MSEC and number |
of test runs to 1. ‘

If termination is selected, instrument power is turned

off, the shutter is closed and the instrument enters
an idle mode, ready for shutdown.
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Note: A 32 Bit data accumulator is employed for DATA
SUMMATION.

The Pause, Stop or Band values must be in an ascending
sequential order. The table scan logic will terminate if
a value in the table is smaller than the STEP count at
the time of the search for a compare.

At the start of a run, if the printer has been selected
for data output and if the printer is not on, the VDT
display will be cleared and the cursor will be positioned
near the lower part of the screen. No message will come
up on the VDT. Turn the printer reset off and depress
any key (the space bar is easiest) on the VDT to
continue.

If the printer is on but in reset, a message, "PRINTER
NOT ON!" will come up on the VDT. Turn the printer

reset off and then depress any key on the VDT to
continue.

DATA OUTPUTS
CRT - on a one second basis.

PRINTER - Also on a one second basis with a full line
every four seconds.

DAC - At end of each SUMMATION PERIOD. 1If the
spectrometer count is above 65,535, it is limited
to 65,535.

PARALLEL PORT - At end of each SUMMATION PERIOD.

The sequence is as follows:

ID

g1 to STEP COUNT

19 tO + 2.5 MSEC SPEC,COUNT,LSH

11 t_+ 7.5 MSEC SPEC.COUNT ,MSH, IF
Summation period is >
5 MSEC else, this
becomes LSH of SPEC.
COUNT.
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Printer

Printer

NOTES

After 'No. of test runs' Page (#9) no message.
Clear page with cursor in lower left center. Turn
printer on and depress any key.

On But in Reset. Outputs message, 'Printer Not On!'.

Page 1.
Page 2.
Page 3.

Page 4

Page 5

Page 6

Page 7

Turn Reset off and depress any key.

Title Page

Keyboard Operation (Return advances to Page 3.)
Mode Select. Playback not enabled.

Mode Descriptions

1. SCAN Continuous
2. PAUSE Delay at value for given

Pause Period.

3. STOP Like Pause except infinite
Pause Period

4, BAND Scan from value to next
higher value

Summation Period

All Modes, 5 to 10,008 MSEC

Select Pause Stop Band

Values - entries entered into table least to most,
also with colon e.g. 9:1234.

Return with no data entry gets you to next page.

Pause Duration
Select wait period.

Data Acquisition
Printer
Run ID
Date
Shift + or sequences through
selections.
Return gets to next.
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Page 8 Instrument Control
Power Close Shutter ON
Hi Volt Test Lamp

Page 9 Number of Test Runs

And Run Control Data
Page 10 Data Summary

Run Control

Keyboard Pause ON = CTRL-S
OFF = S

Test No. Clearing = CTRL-C

Printer OFF = CTRL-O

Printer ON again = CTRL-O

Stop Mode, Step

Advance, Data

Entry = CTRL-E

Advance to next

Stop Value = S

Data Summation

= 32 bit accumulation

The Program is not smart enough to recognize improper
mode control selections and will stall if instrument power is
OFF. Reset is necessary to recover.

Stog Mode

Let instrument advance to first stop value and print
output data.

Stop printer with CTRL-O.

Enter instrument step advance data with CTRL-E.

Note Cursor at data entry position on Page 148.

Enter step advance desired. Depress RETURN.

Verify that instrument steps desired count.

Restart printer with CTRL-O.

Stop printer with CTRL-O and repeat above for as many
data points as necessary.

Pause, Stop, Band data points do have to be sequential because
the compare routine will stop the table scan when it finds a

value larger that the current STEP value that is being searched
for in the table.
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Iv.

Optical Performance Verification

A, Install spectrometer in vacuum system.

B. Attach all cabling, sources.

C. Pump Down system to 18 -6, TORR, stabilize.
D. Operate System as described in III.

E. From source data, verify that spectrometer is
scanning the required wavelength range
(1658 A % to 1808 A0),

F. From Spectral line shapes, verify that spectral
resolution is proper for the slit width (5 A?9),
thus assuring proper optical alignment.

Environmental Testing

The complete spectrometer package will be subjected to
thermal vacuum testing, and optical calibration
testing. Test parameters and levels for these tests
are to be determined at this time. These criteria

can be established when more is known about the launch
vehicles. The spectrometer will be operated before,
during and after each test to assure proper operation.




APPENDIX C

Test Plan No. RSI 79-C-0644-002 Prepared August 6, 1980

ACCEPTANCE TEST PROCEDURE
HORIZON UV 801 EXPERIMENT

PROTOTYPE TELESCOPE

Air Force Geophysics Laboratory
Hanscom Air Force Base
Massachusetts #1731

Research Support Instruments, Inc.
18610 Beaver Dam Road
Cockeysville, Maryland 2103¢
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II.

ACCEPTANCE TEST PROCEDURE

FOR VERIFICATION OF FOCUS

AND ALIGNMENT OF PROTOTYPE
TELESCOPE

HORIZON 881 UV EXPERIMENT

Equipment Required

F.

Prototype Telescope, Model 14$#-193-6-1, S/N 041

Optical Bench and Accessories

Red Laser

Source Lamp

Alignment Fixture

1.

2.

3.

140-193-06-21, Centering Target, Sun Shade End
146-193-68-22/1, Centering Target, Mirror End
146-193-60-~22/1, Focal Plant Target

Flat Mirror

Preliminary Preparation

A.

B.

Laser Alignment

1.

The laser must be mounted on the optical bench,
and aligned so that its beam is parallel with the
bench ways. This is accomplished by mounting the
laser on the bench, and mounting a pin hole target
directly in front of the laser. Adjust the target
to pass the beam, then move the target to the far
end of the bench still in the same relationship

to the bench ways, and observe that the beam
passes through the target. 1If not, adjust the
laser mounting. Repeat process until the beam
passes through the target in both positions.

The laser bean will then be parallel to the

bench ways.

Telescope Mounting

1'

From telescope assembly, 146-193-0-1, remove the

sun shade, mirror cell and mirror from main housing.
Mount the housing on the end of the optical bench
opposite the laser. Attach fixture 148-193-0-21

to front end of telescope and fixture 146-193-9-21/1
to mirror end of telescope. Observe that the laser
beam passes through both targets. 1f not, adjust
the telescope housing on the bench until the beam
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passes through both targets assuring that the
longitudinal axis of the telescope housing is
parallel with the laser beam, and that the
beam is entering the telescope on the central
optical axis. Clamp telescope firmly in this
position,

111, Telescope Alignment

A, Mirror Alignment

l.

The target (140-193-0-21/1) at the mirror end of
the telescope must be removed, and the mirror and
mirror cell must be installed. After installation,
turn on laser and verify that the laser beam passes
through the upper hole in target 149-193-9-21. 1If
it does not, adjust the telescope mirror by moving
the mounting screws on the mirror cell until the
beam passes through the target hole. This
adjustment will place the mirror in correct
alignment in the telescope housing.

B. Mirror Focus

1.

Install target 140-193-8-22/1 at the exit area of
the telescope housing. This target centers a pin
hole exactly in the focal plane of the telescope,
coplanar with the entrance slit of the spectrometer,
which will ultimately be attached. Remove the front
target (146-193-0-21). Mount an incandescent light
source outside the pin hole, so that it shines
through the pin hole and illuminates the parabolic
mirror. This light is then made parallel by the
mirror and reflected backwards out through the
telescope. A flat mirror is placed on the optical
bench in front of the telescope. This mirror
autocollimates the light and reflects it

back into the telescope, to be refocussed on the
entrance pin hole. The alignment of the flat is
verified by using the laser on the backside of

the mirrored surface, and reflecting the beam

back on itself.

The reversing beam should be focussed in the
entrance pin hole. 1If the beam is slightly off
the pin hole, fine adjustment of the mirror
screws will bring it in. By removing the focal
plane target and reversing the mounting feet,
the target can be moved by hand in and out of the
focal plant. By carefully doing this the spot
size can be visually observed for change. 1If
out of focus, the mirror position can be shifted
by removing pins, then replacing the mirror, and
readjusting if necessary.
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Iv. Telescope-Spectrometer Combination Checkout

A. Remove test targets from telescope housing. Install
Spectrometer (17-193-96-1) onto telescope. Remove
locking screws in grating arm and move grating to
zero order (see details in Test Plan RSI
79-C-06077-881). Turn on red laser and observe
that the beam passes through the telescope,
through the center of the spectrometer entrance
slit, through the spectrometer optical system,
and out the exit slit (detector removed). This
verifies that the telescope and spectrometer
are aligned, and will function as one system.

V. ‘alescope Field-Of-View Verification

A. To check the .05 degree total field of view of the
telescope the system, (telescope, spectrometer,
GSE) should be set up completely with the
spectrometer/telescope mounted in a vacuum chamber,
fitted with 2 point source and a means to
accurately move the spectrometer in a rotating
fashion, pivoting about its entrance slit from
side to side. Positioning and readout must be
extremely accurate, since the total field of
view is only .65 degrees, with the half angle
.925 degrees.

B. Line up the spectrometer with the source to that the
source is exactly on the central ray of the optical
system. After pumpdown, position the spectrometer
drive so that the grating is sitting on a spectral
line peak. Observe that output signal on the GSE.
Carefully move the spectrometer, telescope assembly
from side to side. Observe the signal drop off and
note the angle. This should be .025 degrees on
either side of center.

VI. Environmental Testing.

The telescope assembly will be subjected to thermal vacuum
and shock and vibration testing, with levels to be
determined at this time. These tests will be performed
with the telescope mounted on the spectrometer. Alignment
verification tests will be performed before and after each
test.

- 65 -




APPENDIX D

REPORT NO. RSI-@33 DATE

EQUIPMENT INFORMATION REPORT
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"SACS" EQUIPMENT INFORMATION REPORT

1.0 GENERAL

The purpose of the "SACS Experiment Package" is to make
spectral measurements of three areas. One, the "shuttle glow" by
looking at the tail of the spacecraft. Two, the plume of a burning
engine by looking at one of the orbital maneuvering engines. Three, a
reference or dark count by looking into deep space.

The experiment consists of two spectrometers with attached
telescopes and detectors, one of which scans an area of the
ultraviolet spectrum and the other scans in the visible range of the
spectrum. Accessories included with the spectrometers and telescopes
are motorized dust covers for each telescope, dark shutters for each
spectrometer, mercury test lamps, solar sensors, and a nitrogen purge
system for all optics. The spectrometers and telescopes are mounted
on a platform which also provides attachment points for the whole
package. The platform is motorized so it can position the
spectrometers and telescopes to look at the three measurement areas.

The experiment has its own electronics which interfaces with
spacecraft telemetry. The electronics carries out commands from the
spacecraft, processes data from the spectrometer and the accessories,

formats the data and sends it back to the spacecraft,
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2.0 SPECTROMETERS GENERAL

The basic spectrometer is an Ebert Fastie 1/8 meter focal
length system with an effective aperture ratio of f£/5. Theoretical
wavelength resolution is better than 1 A. 1In an Ebert spectrometer
light comes in the entrance slit and is collomated and reflected off
one half of the Ebert mirror to the grating. The grating reflects the
diffracted rays back to the other half of the mirror which focuses the
light out the exit slit. To look at different wavelengths the grating

is rotated so that the spectrum moves across the exit slit.

2.1.1 OPTICAL SYSTEM; ULTRAVIOLET SPECTROMETER

This spectrometer is configured with a 3688 line/mm grating
blazed at 2400A and straight slits, with the entrance and exit slits
lmm wide to give an optical resolution of 20 A, and a field of view
of .27 degrees when used with the attached telescope. The slit
height will be masked to 7mm.

Since this spectrometer will be used in the ultraviolet region
of the spectrum, scanning from 1608 A to 2980 A, the grating and the

Ebert mirror are overcoated with MgF2.

2.1.2 OPTICAL SYSTEM, VISIBLE SPECTROMETER

This spectrometer is configured with a 1266 line/mm grating
blazed at 5000 A and straight slits, with the entrance and exit slits
360 y wide to give an optical resolution of 206 A, and a field of view

of .09 degrees when used with the attached telescope. The slit




height will be masked to 7mm.
Since this spectrometer will be used in the visible region of
the spectrum, scanning from 50068 A to 8500 A, the grating and the

Ebert mirror are overcoated with Si02.

2.2 MECHANICAL SPECTROMETER GENERAL

The spectrometer is a modified R.S.I. #18-125-08-1 Ebert
Spectrometer and has demonstrated itself to be an extremely reliable
and rugged instrument. It has been modified by moving the grating
drive mechanism off the slit plate to make room for a bigger detector,
and mounting it to the body of the spectrometer.

The spectrometer is designed as a unit with three sections.
The first, the main housing, is a cast rectangular tube. This serves
as a mounting for the grating drive mechanism, and a spacer,
accurately machined to separate the slit plate with the grating from
the Ebert mirror.

The second section, the mirror cell, attaches to the rear of
the main housing. This cell holds the Ebert mirror in position
between nonmetallic surfaces, in such a way as to allow adjustment of
mirror in the 3 axes for optical alignment. The mirror cell also
contains a purge fitting allowing the mirror and grating to be purged
with N2 as required.

The third section, the slit plate, attaches to the front of
the main housing. This plate serves as the mounting surface for the
slits. The grating in its holder is also mounted to this plate. The
slit plate of the spectrometer becomes a central structural member of

the experiment package, providing mounting points to the scan platform
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as well as mounting for the telescope, detector, dark shutter, andg
alignment mirror,

The grating drive mechanism causes the grating to move through
its desired scan angles. It is powered to by a 15 degrees stepper
motor run through a 24.32 to 1 gearbox which is attached to a cam.

The cam rotates 360 degrees in 2.9 seconds if the motor is stepped at
200 steps per second. The rise and fall of the cam causes a slide to
move back and forth. An arm which is attached to the mounting box of
the grating, comes through the side of the main housing and rides in a
slot in the slide. Therefore, as the slide moves it imparts a
sinusoidal motion in the grating. Also, there is a fiducial reader
associated with the mechanism which reads a spot on the cam once every
revolution as a reference point for each scan.

The spectrometer is black anodized and baffled to reduce
reflections and scatterings of light. The slide, as well as all
optical cemponents, has adjustments for optical alignment and for

setting the wavelength. All this is shown on Drawing No. 15-224-8-1.

2.3 ALIGNMENT MIRROR

An alignment mirror, which can be attached to the slit plate
of the spectrometer, is mounted so that a normal to its surface is
parallel to the entrance optical axis of the spectrometer. It must be
removed and attached to the telescope when the telescope is mated with

the spectrometer.

2.4 MATERIALS




The basic contruction of the spectrometer is aluminum, with
Vespel used for the cam and the slide. Vespel is used because it has
good sliding properties with low wear. All the optical components are
made from precision annealed cervit mounted against kel-F plastic.
All other parts and hardware are non-magnetic stainless steel. 1In
order to assure good vacuum operation, all bearings in the instrument,
gearbox, and gears in the gearbox are lubricated with a vacuum
compatible lubricant from Bray 0il Company, called Braycote #681 and /
or BrayCo #8152. All screw fasteners equal to or bigger than 2-56
are locked into place with locking heli~coils. Smaller than 2-56 are

locked in place with an approved epoxy.

3.0 TELESCOPE GENERAL

The telescope unit is a mechanical-optical assembly which,
when attached to the spectrometer, allows light to be collected and
focused in the spectrometer. The telescope is designed to match the
optical throughput of the spectrometer, and to be consistent with the
requirements of the complete spacecraft instrument system. Two
telescopes will be used; one on the ultraviolet spectrometer, and the

other on the visible spectrometer.

3.1 OPTICAL DESIGN

The principle criteria for the optical design are that the
telescopes be £/5 to match the spectrometers, and the physical
contraints of small size weight. The following equation was used to

determine the optical design.




D/F = 1/f where : D = Diameter of collector
F = focal length
f = £ number

With this equation and the principle criteria in mind, the
following design evolved:
D=Diameter of mirror =46mm
F=Focal Length=230mm.
The mirror diameter must, in actual practice, be slightly

larger to accommodate the slit height of 7mm.
3.2 OPTICS

The single optical element in the telescope is a parabolic
mirror, due to its better image properties for off axis light. In
this case the off axis light is at a very small angle, but the
parabola will still give better results than a spherical mirror. This
mirror is made on a blank of 55mm x 68mm x 9mm thick at its center.
The blank is made from precision annealed cervit, and weight relieved
to keep the mass small. The front surface is precision ground and
polished to an off-axis parabola with a 230mm focus. The mirror is
mounted in the telescope such that its in coming central ray makes an
angle of 12.893 degrees with the central entrance ray of the

spectrometer.
3.2.1 OPTICS, ULTRAVIOLET TELESCOPE

Since this telescope is to be attached to the ultraviolet
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spectrometer and used in the region from 1600A to 2960A, the parabolic

mirror will be overcoated with MgF2,

3.2.2 OPTICS, VISIBLE TELESCOPE

Since this telescope is to be attached to the visible
spectrometer, and used in the region from 5008A to 8580A, the

parabolic mirror will be overcoated with SiO2.

3.3 ALIGNMENT MIRROR

A small alignment mirror will be provided and mounted such
that its surface is normal to the central entrance ray of the
telescope. This mirror will be mounted under the telescope aperture,
between the telescope housing and the spectrometer housing. This is
shown in drawing #140-193-0-1 A.

The alignment mirror is the same mirror used as the
spectrometer alignment mirror but relocated when the telescope is

assembled to the spectrometer.

3.4 MECHANICAL DESIGN

The main telescope housing is designed as a riveted structure.
This type of structure has been used successfully in the past for
baffles and telescopes. The telescope assembly is designed as a unit
with three main sections. The first, the main housing, is a long
rectangular tube, made as four plates and riveted together to form a

rectangular baffle tube. The plates are internally finned to provide




multiaperture baffles along the entire length. The edge joints are
designed with a double step, providing an effective light trap when
completely assembled. The flat wall which forms the section of the
telescope that covers the spectrometer drive motor cannot be fitted
with large baffle surfaces, since the light path is extremely close to
this wall. However, the surface has been scored, forming a saw-tooth
effect on the surface, with the depth equal to the separation. This
should provide additional baffling against grazing rays, and not
intrude on the field of view. Details of the above description are
shown on drawing #148-193-#-1 A. This main section of the telescope
assembly also contains a mounting surface for a solar sensor and an Hg
test lamp with provisions in the baffles to allow the Hg lamp to
illuminate the parabolic mirror. The main section has included in it a
motorized dust cover, which when closed, blocks off the baffle tube
and is used to keep contaminates off of the telescope mirror. The
cover remains closed until measurements are ready to be taken.

The second section, the mirror cell, is an aluminum holder
which attaches to the rear of the main housing. This cell holds the
telescope mirror in position between nonmetallic surfaces. %€ mirror
cell also contains a purge fitting allowing the mirror to be purged
with N2 as required.

The third section, the sun shade, fits on the front of the
main housing. This section is machined from aluminum and is designed
to keep the sun's rays from entering the field of view of the
telescope. The ertire assembly is attached to the spectrometer by
mounting flanges which mate to the front plate of the spectrometer.

The entire telescope assembly will be black anodized to reduce

scattered light. The complete mechanical assembly is shown in drawing
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#149-193-0-1A, Telescope assembly.

3.5 MOTORIZED DUST COVER

The dust cover is mounted to the main hovaiing of the
telescope. The cover is a sheet metal slide, which rides in a
support housing, and has two positions, open and closed. A 120 pitch
rack, which is attached to the slide, mates with a 38 tooth gear
mounted on a 24.32 to 1 ratio, size 8 gearhead. The motor used is a
15 degree size 8 stepper motor. When run at 208 motor pulses per
second the cover will open or close in 7.6 seconds. There are two
fiducial readers used. One senses the open position, and the other

the closed position.

3.6 MATERIALS, TELESCOPE AND DUST COVER

The basic construction of the telescope and dust cover is
aluminum, with 668 bronze used as supports for the rack in the dust
cover. The optics are made from precision annealed cervit mounted
against kel-F plastic. Teflon is used on the sliding surfaces of the
dust cover. All other parts and hardware are non-magnetic stainless
steel. 1In order to assure good vacuum operation, bearings and gears
in the gearbox are lubricated with a vacuum compatible lubricant from
Bray 0Oil Company, called Braycote #6081 or BrayCo #815Z. All screw
fasteners equal to or bigger than 2-~56 are locked into place with
locking heli-coils., Smaller than 2-56 are locked in placed with an

approved epoxy.




4.0 SCAN PLATFORM GENERAL

The scan platform is an electro-mechanical system which can
mount two Ebert spectrometers with telescopes, and allows them to scan
through a total angle of 75 degrees (in its configuration as shown in
drawing #0-224-0-1 "E"). This system, when correctly oriented on a
Space Shuttle, allows the spectrometers to be pointed at one of the
"orbital maneuvering engines" and then scanned up through the Shuttle
tail section and into deep space. The scanner is driven by a stepper
motor and controlled by its own electronics package which allows

positional control and readout.

4.1 SCAN PLATFORM, MECHANICAL

The scan platform is designed as a central compact structure
supporting a trunnion assembly which mounts the spectrometer and
telescope assemblies. The scan mechanism employed is a stepper motor
driven worm, turning a worm wheel, which in turn moves the
spectrometers and telescopes which are attached to the worm wheel by a
bearing mounted trunnion mechanism. Two gears are used between the
stepper motor and worm to allow the locating of the worm and worm
wheel and stepper motor in the smallest possible area. This
configuration requires the stepper motor to be reversed in order to
return the instruments to the starting position. The worm is driven
by a size 18, 15 degree stepper motor through a 17 to 1 gearbox and a
28 tooth and 20 tooth geartrain. One revolution of the worm produces
3.75 degrees of scan. It takes 291.43 steps to produce one revolution

of the worm. Since the total angle of scan is 75 degrees, it will
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require 20 revolutions of the worm or 5828.6 steps. Therefore, it
will take approximately 30 seconds to scan 75 degrees when the motor
is run at 208 motor steps per second. Since the field of view of the
instruments is .27 degrees for one, and .09 degrees for the other, and
since one motor step provides .813 degrees of scan, the system gives
adequate angular resolution for good positional data.

The scan platform also includes a locking mechanism to lock
the instruments in one position during the lift-off and landing phases
of the Shuttle mission. This prevents unnecessary vibration and
movement during these times of high vibrational and shock loads. The
lock is a steel rack which is driven into a slot preventing movement.
The rack is driven by a 28 tooth gear mounted directly on the shaft of
a D.C. permanent magnet planetary gear motor. The locking rack moves
approximately 1/2 inch or approximately 8 teeth and the 28 tooth gear
which drives the rack moves 183 degrees or .286 revolution. The motor
turns the gear at .148 revolutions per second, therefore, it locks or

unlocks in approximately 2 seconds.

4.2 MATERIALS

The basic construction of the scan platform is of aluminum
with stainless steel shafts. The gears and worm are also aluminum and
stainless steel. The worm wheel is bronze. All moving elements are
ball bearing mounted, and preloaded to remove play. All bearings,
gears, worm, and worm wheel are lubricated with a vacuum compatible
lubricant from Bray 0il Company, called Braycote #6001, and or BrayCo.
#8152. All screw fasteners equal to or bigger than 2.56 are locked

into place with locking heli-coils. Smaller than 2.56 are locked in
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place with an approved epoxy.

4.3 INTERFACING

The scan platform is designed with a general mounting bracket,
since no specific interface requirements have been established. The
logic electronics are in a housing which will mount on the scan
platform in position shown on drawing #8-224-0-1 "E" Sheet "2".

Detailed drawings will be provided when they become available.

NOTE: If mounting configuration changes (ex. angles changes,
or scan angle changes) mounting and operating area of instrument will

change.

5.0 MISCELLANEOUS ELEMENTS

5.1 ENTRANCE SHUTTER

The entrance shutter is a mechanical device which when
actuated blocks the entrance slit of the spectrometer for dark count
readings. It is mounted directly over the entrance of the

spectrometer's front plate.

5.1.1 ENTRANCE SHUTTER MECHANICAL

The main item in the entrance shutter is a pancake type D.C.
torque motor mounted in a housing. The motor shaft which protrudes

from the housing has a vane attached to it. When the motor is
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energized, the vane moves and covers the entrance slit, blocking the
light entering the spectrometer. When the motor is not energized the

vane is spring-loaded in the open positon.

5.2 PURGE SYSTEM

The two telescopes and two spectrometers can be purged with
dry nitrogen as required. There are purge fittings on each telescope
and spectrometer near the optics associated with each item. All the
fittings are connected together with an access port (quick disconnect)

located in front of the experiment package.

6.0 ELECTRONICS

The electronics of the two SACS instruments are designed so
that additional simular instruments may be added on later flights with
only minor changes in hardware and software. Each instrument will
have a microporcessor card, integrated detector, dust cover, shutter,
and wavelength motor box. All instruments will share a power supply
box, a spacecraft interface card, a scan platform motor box, and a sun
sensor. One of the Instruments will be designed the primary

instrument and will control the scan platform.

6.1 MAJOR ELECTRONIC SYSTEMS

The SACS electronics will consist of the following systems.

6.1.1 MICROPROCESSOR CARD

Each instrument will have a mcroprocessor card containing a
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8085 microporcessor system, a 16 bit data counter, output ports, input
ports, sun presence circuit, interrupt circuits, and three analog
outputs. All microporcessor cards will be capable of serving as the
primary instrument but only one will have the scan motor cable

attached and will have the scan software active.

The input ports will support the following functions:

a. Read the fiducials

b. Read the command buffers

c. Test for the sun presence circuit trip

d. Check the high voltage level detector

e. Check the calibration bit

f. Check the primary instrument bit

g. Read data counter

h. CHeck if next instrument has completed a data cycle
i. Scan Platform motor attached bit.

The output ports will support the following functions:

Step the waelength motor

Step the scan motor (primary instrument only)
Output the data

Enable the next instruments to send data

Operate the shutter

Control power to the detector

Control power to the test lamp

Override the sun sensor circuit

Signal next instrument that data cycle is complete
Operate Dust Cover.

o= TQ MO QO DO
L]

The interrupt circuits will enable the microprocessor to stop,
then:

a. Read and transmit data

b. Accept a new program. (EEPROM operation only, see 6.2.2)

The three (3) analog output circuits will monitor the detector
high voltage, the temperature of the detector electronics, and the
temperature of the microprocessor electronics. The detector high
voltage will be monitored by a level detector which the microprocessor

can read as one bit,

The microprocessor cards are mounted in a single box with the
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Spacecraft Interface card. These cards do not require headsunk
components so they may be designed as removable cards. Aall
connections to the cards are made with subminiature D or coaxial
connectors; no edge connectors will be used. Future additions of
microprocessor cards may be accommodated by either having extra slots
or by extending the box. The box backplane ends in a series of
terminating resistors so the last microprocessor card can tell that it

is the last one in line.

6.1.2 INTEGRATED DETECTOR

The integrated detector will consist of a photomultiplier
tube, high voltage supply, and a output pad. The output is a TTL
compatible signal sent over a coax cable. An analog high voltage

monitor and temperature signal are also provided.

6.1.3 DUST COVER
The dust cover is motorized and has independent full open and

full closed fiducials.

6.1.4 WAVELENGTH MOTOR BOX

The motor step signals from the microprocessor card do not
have enough strength to directly drive the wavelength stepper motor.
This box contains heatsunk transistors to drive the motors and a power
filter. Similar transistor drives for the dust cover and shutter are

also included in this box.

6.1.5 POWER SUPPLY BOX

This unit will provide filtering and power regulation to all
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other systems. Heatsunk regulators provide the +5 voltage, and

separate filtering is provided for electronic and motor power.

6.1.6 SPACECRAFT INTERFACE CARD

This unit will buffer the command signals from the spacecraft
and buffer the data transmission to the spacecraft. The command
signals are optically isolated and protected from high voltage. The
data enable and clock signals are buffered and sent to the
microprocessor cards. Data from the microprocessors is assembled into
a single bit stream and buffered. This card does not contain a
microprocessor.

Eight (8) command lines are read. These may be interpreted by
the software as either 8 independent one bit commands or as a seven
bit number and a command valid bit (allowing 125 commands). If the
seven bit numksr is used, four additional data bits will be needed.

This card will be mounted in the same box as the

microprocessor cards.

6.1.7 SCAN MOTOR BOX
This box contains the drive transistors for the scan motor and
latch motor. It will also contain a power filter., Only the primary

instrument requires this box.

6.1.8 SUN SENSOR «
This sensor will signal the presence of the sun in the field
of view and allows all instruments to start a safety shutdown. One

sun sensor operates all instruments.
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6.1.9 TEST LAMP
The test lamp provides a source of the Hg spectral lines in
each instrument. 1Its power 1is controlled by the microprocessor. Each

instrument has its own test lamp.

6.1.18 SHUTTER
The shutter on each instrument blocks the light path and is
used for dark counts. It has a single fully closed fiducial and is

controlled by the microprocessor.

6.2 SOFTWARE

The software watches for a command to be sent from the
spacecraft and then initiates a series of instrument responses to the
command. At periodic intervals the instruments data is read,

organized, and transmitted to the spacecraft.

6.2.1 COORDINATION OF ACTION

The software for the two instruments is almost identical.

Both the instruments have the scan platform software but only the one
designated as the primary unit runs it, Both units respond to the
houskeeping commands such as "Open Dust Cover" in the same way, but
their timing may be staggered.

The response of the two instruments to the major experiment
commands will be different but coordinated. The exact actions such as
"Go To a Specified Wavelength" will be chosen from a standard library.
At any given time the instruments may be doing different library

functions and be using different constants, but their actions are
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synchronized at the start of each major data reading cycle. Timeouts

will be included in the software so that no instrument waits too long

for the other instruments.

6.2,2 LANGUAGE
There are two possible microprocessor languages for this
project. The choice between these two is being evaluated at this

time.

6.2.2.1 FORTH

Forth is a machine control language originally developed for
radio telescopes. When compared to assembly language, it cuts
development time by a factor of 5 while keeping most of the
microprocessors operating speed. The software rewrite time between
flights would also be cut dramatically.

The Forth code would be written on an IBM PC and transferred
to EEPROMs (Electrically Erasakle Programmable Read Only Memory) in
the flight instruments. The use of EEPROMs, which are electrically
programmable and erasable, allows the whole process of developing and
debugging the software to be done through a single RS-232 connector on
the microprocessor box without the need for continually opening the
box to change components. This will be particularly advantageous for

last minute changes. A second interrupt circuit will allow new

[

programs to be transferred to the EEPROM.

The use of Forth would require more memory than assembly
language so a few more chips would be needed. The Forth language core
and most of the required support software are available from two

suppliers. Some additional support software will be written by RSI.
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The use of the EEPROMs will require an RS-232 port requ.ring
one extra chip and a connector. We are currently assembling
information on the reliability of available EEPROMs. Some of the
advantage of Forth is lost in this application if acceptably reliable

EEPROMs are not available.

6.2.2.2 ASSEMBLY LANGUAGE

The program would be written in 8085 assembly language on a
IBM PC and transferred to the insturment on UV erasable PROMs
(Programable Read Only Memory) or by the EEPROMs and RS-232C port
described by 6.2.2.1. The execution time of the finished program is
the fastest possible and a minimum chip count is required.

The development and debugging time for this system is long and
the exact time required for debugging is difficult to predict.

The simplest implementation of an assembly program would use
the UV PROMs, which have a longer reliability history then EEPROMs,
and would require the software to be transferred to the instrument by
burning the PROMs outside the instrument and physically plugging them
in., This process slows developemnt time and is difficult to do in the
field, even for very small changes.

EEPROMs and the RS-232C port could be used with assembly
language if R.,S.I. developed monitor software. This would allow the
software to be changed, even at the last minute, from outside the
instrument without opening it. The need to use the microprocessor
emulator (not used with Forth) would require access to the circuit
board for major program development and debugging. As mentioned

above, this approach does require a few additional chips.
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6.2.3 SOFTWARE STRUCTURE
The software will be written in a structured form. The task
will be broken down into component blocks, each with only one input

and one output, which are called in proper sequence by a main program.

6.3 DATA STRUCTURE

The data stream is structured so that the primary instrument
provides data about the scan platform and its spectrometer, then the
secondary instrument adds data from its spectrometer. The number of
data bits from each instrument must be divisible by 8. The bit

assignments are as follows:

a. Scan Platform (primary instrument only)

Command 3
Angle 13
Angle Fiducial 1
Latch Fiducial 1
Sun Presence 1

Subtotal (a.) 19
b, Data Primary Instrument

Count 13
Wavelength 10
Wavelength Fid. 1
Cover Fid. 1
Shutter Fid. 1
High Voltage 1
Test Lamp 1
Error 1
Spare Bits 2

Subtotal (a. + b.) 48

Cc. Secondary Instrument

Count 13
Wavelength 10
Wavelength Fid. 1
Cover Fid. 1
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Shutter Fid. 1
High Voltage 1
Test Lamp 1
Error 1
Spare Bits 3

Subtotal (c.) 32

Total 80 Bits
The time interval between data samples (set at .01 sec in the

previous instrument) will be limited by the allowed data transmission
rate. The use of a microprocessor in each instrument allows each
instrument to be interrupted only during its own data transmission
cycle. This means that each instrument is capable of taking and

transmitting data as fast as the original single instrument.

6.4 FUTURE ADDITIONS

The system can accommodate future additions of instruments.
These instruments must be of the same general design but may be set
for different wavelength (different PIM's, and gratings). The

following changes will be needed for instrument additions:

Hardware
a. Additional instruments
b. New mouating base
c. Additional yoke supports
d. New cables
e, Additional microprocessor cards
f. New or modified spacecraft interface caxd
g. New or extended card box

Software
a. Normal interflight command changes
b. Data transmission adjustments (if necessary)
The only limit on the number of instruments is the data
transmission rate, each instrument requiring 32 additional bits. The

additional instruments may be mounted on the same scan platform, fixed

to the spacecraft, or mounted on a separate platform.
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FLIGHT INSTRUMENT ELECTRONICS

GENERAL DESCRIPTION

INTRODUCTION

This document is the primary written reference for the
electronics of the SACS 612 project. It serves as the design
specification and the operating manual for both the flight instrument
and the Software Development System. The hardware and software for
the system are described in detail.
1.0 Purpose of Document

This document serves as the specification for the electionics
portion of this project. The function of the electronic hardware and
software are described in detail.

Also included are instructions for the operation of the
Software Development System. These provide step by step instruction

for the writing of software, its debugging, and the burning of PROMs.

The optics and machinical design are not covered.

1.1 Description of Flight Instrument Electronics

The flight electronics is compose. o7 a number of printed
circuit cards mounted in individual aluminum boxes and connected by
cabling. This system controls the flight instrument in response to

commands from the sapcecraft and transmits data to the spacecraft.

1.2 Description of Software Development System
The Software Development System consists of a small computer,
power supply, and cables which support development of the flight

software and debugging of both the software and hardware.
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SACS HARDWARE

INTRODUCTION

The hardware for the SACS, a two spectrometer instrument with
scanning platform, is described in detail. This same electronic
system may be used with two or four spectrometers and either with or
without a scanning platform. The hardware for the Software
Development is also described.
2.9 Hardware Description

The electronics for the SACS multiple spectrometer instrument

is divided into the following modules:

EMI Filter (1 per system)

+5 Power Supply (1 per system)

Spacecraft Communications Module (1 per system)
Microprocessor Module (1 per spectrometer)
Motor Control Module (1 per two motors)
Integrated Detector (1 per spectrometer)

O U W N
.

Also on the instrument are the following electronic devices:

1. Wavelength Motor (1 per spectrometer)

2, Wavelength Cam Fiducials (1 per spectrometer)
3. Dust Cover Motor (1 per spectrometer)

4, Dust Cover Fiducials (2 per spectrometer)

5. Shutter {1 per spectrometer)

6. Test Lamp (1 per spectrometer)

7. Platform Motor (1 if platform used)

8. Platform Cam Fiducials (2 if platform used)
9. Platform Latch Motor (1 if platform used)

18 Platform Latch Fiducials (2 if platform used)
11 Sun Sensor (1 or 1 per spectrometer)

12 Flight Cables (1 set)

The system (see Figure 21) consists of the basic support
equipment (EMI filter, Power Supply, Spacecraft Communication Module,
and cables); a Master Microprocessor (Microprocessor Module, Motor
Control Module, Integrated Detector, motor, etc.) and one or three

Secondary Modules (identical hardware with Master). If the system has
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a scan platform then an additional Motor Control Module will be cabled
to the Master Microprocessor.

Each module will consist of a single printed circuit board
mounted in a machined aluminum housing with subminiature D connectors.
The components are chosen for highest reliability. BAll components

which dissipate significant heat will be heatsunk to the module cases.

2.1 Electronic Subassemblies

The following electronic subassemblies are used in the system.

2.1.1 EMI Module
The EMI module prevents electromagnetic from getting from the
instrument back to the spacecraft over the power lines. It also

smooths and filters the incoming +28 volt power for the instrument.

2.1.2 +5 Power Supply

The +5 power supply converts +28 volt power into regulated +5
voltage for use by the Microprocessor Modules, the Spacecraft
Interface Module, the Motor Control Modules, and the Integrated
Detectors. This is a standard high reliable flight power supply and

its size is dependent on the number of spectrometers in the system.

2.1.3 Spacecraft Communication Module
The Spacecraft Communication Module acts as the interface
between all the Microprocessor Modules and the spacecraft, It

performs the following functions:
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Buffers 8 incoming Command Lines.
Buffers incoming Data Enable and Data Clock lines.
OR's serial data lines from all microprocessors.
Buffers outgoing data.
Provides +18 volt power for analog Circuits.

To a Maximum of 75 milliamps per microprocessor.
.6 AND's Scan Complete signal from multiple
secondary Microporcessors.

. .

L]
Db W

.

2.1.4 Microprocessor Module
The Microprocessor Module is the brain of the instrument and

contains the following sections.

2.1.4.1 Forth Core

This is a 8085 microprocessor with a Forth operating system in
ROM. It allows the flight software to be developed quickly in a
higher level lanquage and supports software debugging. A detailed
allocation of the memory is included in Appendix I, Memory and I/0
Map.

All the ROM, both that is used for the Forth Core and used for
the Flight Program, is of the most reliable fusible type. A Software
development RAM chip is included to allow the software to be developed
and debugged without burning ROMs. The developemnt is removed before
flight to save power and improve reliability,.

The core has a RS-232 port which is used only for software
development and debugging. The RS8-~232 dr.iver chip is moved off the
flight board and placed in a small separate box associated with the

development cable.

2.1.4.2 Data In and Out

The data transmission system is initiated by the Data Enable

1
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signal tripping the 7.5 interrupt. The data is then transferred from
memory to a 8 bit shift register which shifts the data out on the Data
Clock pulses. The Data Clock pulses are also counted in hardware with
a divide by 8 so that the timing of the transfer on the next data word

is easily accomplished.

2.1.4.3 Fiducials

All the fiducials consist of LED/phototransistor pairs mounted
so that a hole in a mechanical device is aligned with them at the
reference mark.

The fiducials on the motors read a hole in a disk attached to
the drive cam. This produces one reference mark per complete cycle
and this mark is located in the middle of the flyback segment.

The dust cover and latch have fiducials at the fully open and

the fully closed position.

2.1.4.4 Analog Signals

Up to four analog signals may be input, buffered, and ocutput
by the microcomputer card. The oulputs are not inverted and have a 2K
series resistur. Each of these levels may be compared to a reference
level set by a resistor and these comparisons can be read by the
microprocessor. If all four comparisons are not needed, a signal may
be compared against two levels.

The analog chips may be powered by an external power source on

the Spacecraft Interface card or from the internal +5.




et -

2.1.4.5 Scan Complete

To coordinate the wavelength scans of more than one
microprocessor, a SCAN COMPLETE INPUT and a SCAN COMPLETE OUTPUT
signal are provided. The secondary units set the SCAN COMPLETE OUTPUT
high when they complete a wavelength scan. They then wait for the
SCAN COMPLETE INPUT to go high or a timeout to occur before starting
the next scan. The SCAN COMPLETE QUTPUT is reset on the start of the
new scan.

The Primary microprocessor, upon completing its wavelength
scan, waits for the SCAN COMPLETE INPUT to go high or for a timeout to
occur before starting its next scan and pulsing the SCAN COMPLETE
OUTPUT high for 1 millisecond.

For an instrument with more than one secondary microprocessor,
the SCAN COMPLETE OUTPUT signals from the secondary units are ANDed
together on the Spacecraft Interface Card and the result sent to the

Primary unit,.

2.1.4.6 Motor Control
The microprocessor may control up to 4 stepper motors but
cannot provide enough current to drive the motors. Relay drivers are

also provided to switch the motors from a step to a hold state.

2.1.4.7 NOT SUN PRESENT

The NOT SUN PRESENT signal triggers a hardware function to
protect the detector from excessive sunlight. The microprocessor can
sense the state of this circuit and override the safety if commanded

to do so.
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When the NOT SUN PRESENT signal is high, a safe and normal
condition exists. The Detector Power Relay is energized so that the
detector is operational. The Shutter Relay is not energized therefore
the Shutter is open.

When the NOT SUN PRESENT signal goes low, the Detector Power
Relay is de-energized so the detector high voltage is off, and the
Shutter Relay is energized and the Shutter closes. A one minute timer
is also started which holds this situation for at least 1 minute.
After one minute, if the NOT SUN PRESENT signal has returned to high,
normal operation is resumed.

If the microprocessor receives a command 4. HV.OVR. it
overrides the effects of the NOT SUN PRESENT signal and the instrument
is placed in the normal operating mode. This command is used if the
Solar Sensor is malfunctioning. The NOT SUN PRESENT signal is
reactivated after a Command 6, Standard Start Position, is received.

If the microprocessor card is powered but the microprocessor
is not running, the NOT SUN PRESENT signal going low will lock the
detector power off and it will not reset after 1 minute.

The microprocessor may also separately energize the Shutter.

2.1.4.8 Spacecraft Commands
The microprocessor can read 8 command lines from the
spacecraft., These are the same 8 lines for all microprocessors but

different instruments may respond differently.

2.1.5 Motor Control Module

The Motor Control Module provides drive power for two four
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phase stepper motors. The motor drivers have input buffers, pulse
counter, optical isolators, and headsunk power transistor. Latching
relays are included to switch the motors between a holding current and
a stepping current.

A Motor Control Module may power either the Wavelength Scan
Motor and the Dust Cover Motor or the Platform Scan Motor and the
Platform Latch Motor. If a Module is used for the Platform then some
of its features will not be used,.

Also included in the Motor Control Box are two relays to
control power to the Detector and the Cal Lamp. These relays are not
latching.

A Shutter driver circuit with optical isolator is also

present.

2.1.6 Integrated Detector
The Integrated Detector puts out a pulse for each event
detected by the Photomultiplier Tube. The pulses are counted on the

microprocessor card.

2.1.7 Motors

All motors are four phase stepper motors.

2.1.8 Fiducials

All fiducials are LED/Phototransistor pairs that put out a low

signal when the light path is not interrupted.
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2.1.9 Shutter
When energized, the Shutter blocks the entrance slit allowing
the reading of dark counts. The Shutter blocks light from the Test

Lamp and is spring loaded open.

2.1.19 Sun Sensor

THe Sun Sensor uses a photo transistor to sense the presence
of the sun in or near the field of view of the instrument. Its output
is a digital signal, NOT SUN PRESENT, which is @ when the sun is
present and 1 when the field of view is safe. This signal is used to
protect the detector from excessive sunlight.

The sensitivity of the unit is set by an internal resistor
which must be chosen before encapsulation. The field of view of the

sensor is set by the mechanical housing.

2.2 Software Support System
To develop the software and make changes between flights, a
non-flight Software Development System is used., This system consists

of the following components:

IBM Compatible PC

Multipurpose card with RS-232 port
Power Supply

Prom Burner

Printer (optional)

Dvelopment Cables

.
AU W N

This system is used for the following functions:

Write flight software.

Debug flight software.

Exercise flight hardware.

Change flight software between flights.
Development Documentation.

. . .
U b W N =
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It will perform the followint activities.

Write software
Write documents
Store files on disk
Transmit software to flight microprocessor
Serve as flight microprocessor terminal during debugging
Receive the final flight software from the
flight microprocessor
.7 Burn the flight PROMs

. .
[=2NKG I~ VS RGN g

One Microprocessor Module is worked on at a time. The basic
flight software is written on the Software Development System and
transmitted over the RS-232 cable to a Microprocessor Module. There
the program goes into temporary RAM. The software can then be tested
one section at a time using the Development computer as a terminal.
All flight functions except data transmission may be proven on this

system without the use of Ground Support Eauipment (GSE).

2.2.1 Software Development Computer

The Software Development Computer is an IBM compatible
portable with a multipurpose card having a RSI-232 and printer port,
real time clock, and 360K memory. See Figure 20, Software Development
System.

A printer is helpful in software and document development but

not mandatory.

2.2.2 Power Supply

The power supply provides enough +28 volt power to run bench
tests for the entire instrument and small amount of +5 for the RS-232
communication line.

Also mounted on the power supply housing are a Reset button
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and a Develop/Run switch used in software development.

2,2.3 PROM Burner

The PROM burner can be any available unit which can burn the
type of ROMs used in the flight microprocessor cards and talk to the
computer. It is only needed at the end of software development, after
calibration, and after between flight software editing. It may either
have its own card in the computer or communicate through the RS-232
port. Slight adjustments in software may be needed to suit a

particular burner.

2.2.4 Cables

The cables connect the computer, power supply, aund flight
instrument. The main cable may be up to 58 ft. long if the flight
insturment is to be maintained in a separate clean area.

The flight instrument end of the RS-232 cable terminates in a
small box containing a +-12 Volt to +5 Volt signal level converter so

that these components will not have to be flown.
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SACS FLIGHT SOFTWARE

J. T. Riley
96/16/86
File: XSOFT612
DISK: 612 DOCUMENTS
INTRODUCTION

The software for the SACS microprocessor cards is first
generally discussed and then details of the flight application
program are given. Procedures for down-loading the program from
the development computer and for burning fusible ROMs are also
included.

3.0 Software.
3.1 General Philosophy

The flight instrument software is based on a Forth
language core with the application software added in its own ROM
or in a temporary development RAM.

In the design phase, the application was broken down into
functional blocks each with one entrance and one exit. These
blocks are written as words in the Forth dictionary. The large
blocks are subsequently broken down into smaller blocks and this

process continued until only words in the Forth core, or new

assembly language words are needed to write the blocks.

3.1.1 Forth Core

The Forth language core is burned into 6K of fusible ROM
and provides a basic set of functions for compiling new portions
of the program, interpreting the completed Qrogram, and doing
math and logic. Also included is a small assembler to allow

defining of assembly language words which can also be expanded.
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The Forth core is based on the FigForth model with the
disk operating systeﬁ removed. During development the program is
stored on the disks of a separate microcomputer, therefore, no

disk operating system is needed in the flight instrument.

3.1.2 Structure

The Flight program contains only words needed in flight.
Other functions, such as ground calibration, can be supported by
temporary programs loaded into the development RAM.

The Flight program is divided into three (3) main Words;
INIT which sets up the instrument, DATA which reads and transmits
data, and SER.COM which receives and issues commands. Each of
these words is broken down into more detailed words.

The INIT initiates the systems variables, resets all
commands to the defined starting situation, and puts the
instruments through the start-up sequence. This is the Word
which is executed on power up, or on pressing the reset button
through the RS-232 cable. When this word is completed, execution
moves to SER.COM.

The DATA word is executed upon the 7.5 interrupt line
which is controlled by the Data Enable signal from the PCM. This
word will be run once each time a Data Enable occurs after the
INIT is complete. The Data is first transmitted to the
Spacecraft Interface Card as a long serial word, and then new
data is read and assembled in RAM. The first word of the new
data is loaded into the data buffer. A4t the end of this sequence

the elapsed time clock is incremented and execution returned to
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SER.COM.,

The SER.COM word is an infinite loop and may be left only
by hardware reset or powering down. The data interrupt does
periodically interrupt SER.COM but its activity is not affected
by this. SER.COM first looks at the Spacecraft Command Inputs to
determine if there is a valid new command. If there is no new
command the program simply waits, rechecking the incoming line
periodically. If there is a valid new command, the word for that
command is called. The specific command words (SCAN1l, SCAN2,
FCAL, ect.) produce a sequence of actions such as a pattern of
steps to the wavelength motor or a command to the Test Lamp.
Between other functions the microprocessor checks for new
incoming commands, if a new valid incoming command is found,
execution of the present command is stopped, STAD.ST is run, and

the new mode sequence started.

3.1.3 Development

The application portion of the software is burned into 4K
of fusible ROM. To facilitate development and interflight
reprogramming a socket for 4K of development RAM is also provided
which can be substituted for the application ROM by means of a
special switch on the RS-232 cable. This RAM must be removed
before flight as it is not powered during fight and will load
down the address lines.

In development, the program is written on the external
computer and down-loaded into the RAM through the RS-232 port.

After all necessary tests and debugging have been completed, the
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final flight program is transmitted up the RS-232 cable, stored
on disk, and retransmitted to the PROM burner. The Flight PROM
may then be inserted in the electronics module and the temporary
RAM removed.

A number of utility words have been added to the Forth
core to facilitate the development process. These down-load and

up-load features assist in burning PROMs.

3.1.4 Ground Testing

The flight instrument may be exercised on the ground
through the RS-232 port if desired. This allows most of the
instrument functions to be tested without the use of the ground
support equipment.

Data transfer may not be fully tested without an
additional GSE card for the development computer and additional

GSE software.

3.1.5 Flight

In flight the software will:

Initiate the System
.1 Set up the Software.
.2 Test for Flight or Development mode.
.3 Initiate Data reading and transmission.

Handle Data ( under interrupt )
.1 Transmit Data to the Spacecraft Interface
Card.
Read Detector Event Counter.
Read Status information.
Assemble the next Data Word.
Increment the elapsed time clock.

U W N

Command the Instruments
.1 Receive commands from Spacecraft Interface.
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.2 Issue steps to the wavelength motor.

.3 Issue steps to the platform scan motor.
.4 Operate the Test Lamps.

5 Respond to Sun Presence.

6 Operate Shutter.

7 Operate Dust Cover.

8 Read all Fiducials.

9 Operate platform latch.

3.2 Input

The microprocessor has available the following inputs:

1 Spacecraft Commands (8)

2 Fiducial Readings (8)

3 Data Enable and Data Clock
4 Detector Counter (16 Bit)
.5 Analog Signal Levels (4)
6 Not Sun Present (1)

7 Cal Lamp On (1)

8 Scan Complete In (1)

9 Development RS-232 port.

The eight (8) Spacecraft Commands allow the
microprocessor to respond to commands from the spacecraft. The
software must respond to each of these with a sequence of
actions.

The Fiducials give reference marks for moving parts. The
eight (8) fiducials for the primary system are:

.1 Wavelength Cam Course

.2 Spare

.3 Dust Cover Open

.4 Dust Cover Closed

.5 Scan Platform Cam Course

.6 Spare

.7 Platform Latch Open

.8 Platform Latch Closed

On the secondary system the Scan Platform and Platform
Latch fiducials are also spare.

The microprocessor card senses the Data Enable line and

responds with data clocked by the Data Clock. The
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microprocessor keeps count of the data interrupts and generates
an elapsed time to a maximum of 65536 data periods ( if data
period = .01 sec. then 18.92 minutes). This time information may
be used to start and stop actions during the command sequences if
the data system is running.

The microprocessor may stop, read, and reset a 16 bit
hardware counter for the Detector Pulses.

Three (3) analog signals are buffered in this box and
sent to the Spacecraft Interface Card. One of these, the High
Voltage monitor is read by a digital level sensing circuit so
that the state of the high voltage to the detector may be read.

The Not Sun Present Signal indicates if the instrument is
pointed at the sun. Emergency action is taken by hardware and
the microprocessor sets the Error Bit.

The Cal Lamp On Signal indicates that the calibration
lamp is on.

The Scan Complete Input indicates that the other
microprocessor card, has completed a major program action.

The Development RS-232 port is used only for development

and debugging software and is not normally used in flight.

3.3 Output

The microprocessor has the followirg outputs:

Serial Data

Issue Motor Steps

Set Motor Power Level, Step/Hold
Operate Shutter

Operate Cal Lamp

Scan Complete Out

Not Sun Present Override/Reset

L]
N U e WN
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3.3.1 Data

The spacecraft sends a Data Enable Signal and a Data
Clock to the Spacecraft Interface card. This card buffers these
signals and sends them to all Microprocessor Cards. It ORs the
returning data signals together, buffers the resulting signal,
and sends it to the spacecraft.

The Data Enable line from the Spacecraft Interface card
initiates the data transfer by firing the 7.5 interrupt of the
microprocessor.

If the unit is the Primary microprocessor card then it
immediately issues the latest data word which it has previously
stored in its memory. The data is clocked out by the Data Clock.
If the microprocessor card is a secondary card, it has all zeros
in its data buffer and waits a specified number of Data Clock
Pulses before sending its data. The number of bits it waits is
controlled by a constant (WAIT.BITS) in its program and must be
divisible by eight.

After transmission, the microprocessor reads the count
and assembles the next Data Word. This means that the data sent
was taken most of one data cycle earlier.

The number and meaning of the data bits is described in
Appendix II., The Data Count is the reading from the count
accumulator. The Command Word is one less than the number of the
command currently being executed. The Wavelength is a count of
the number of steps sent to the wavelength motor since the last

fiducial. The status bits are readings of fiducials and settings

of relays.
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The Error Bit is set by the microprocessor whenever it
has difficulties., This bit will be set when:

.1l More than one command Bit is set.

.2 The Data count exceeds 13 bits.

.3 The Not Sun Present signal is active.

( even if it is overridden )

3.3.2 Motors

The microprocessor can issue step commands to the
Wavelength Scan Motor, the Dust Cover Motor, the Platform Scan
Motor, and the Platform Latch Motors. A count of the number of
steps that have been issued since the last fiducial was seen is
kept.

Each of the motors may be commanded to a Step or Hold
power mode.

The microprocessor can command the shutter to close.

Removing this command allows it to open.

3.4 Initiation
Any time the power is turned on, or the Reset button in
the RS-232 development cable is pressed, the following actions

are taken:

.1 The Microprocessor is reset.
.2 The Forth language is initiated.
.3 The Data interrupt is disabled.
.4 Memory is checked for Flight or Development
.5 The Outputs are cleared.
.7 Data Counter is cleared.
.8 Data Taking is enabled.
.9 COM.SER mode is entered.
The system is then ready to send data and respond to Spacecraft

commands.
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3.5 Spacecraft Commands

There are eight (8) Spacecraft commands:

1 - SscaNl (Wavelength scan 1)

2 - SCAN2 (Wavelength scan 2)

3 - SCaAN3 (Wavelength scan 3)

4 - NSP.OV (Not Sun Present Override)
5 - FCAL (Flight Calibration)

6 - STAN.ST (Standard Start Position)
7 - OP.LAT (Open Platform Latch)

8 - SHT.DW (Normal Shut Down)

3.5.1 COMM.SER

In the COM.SER (Command Service) mode, the microprocessor
card checks to see if the Sun Present circuit is tripped and then
reads the Spacecraft Commands.

If a Spacecraft command is detected, the command is
reread to guard against glitches, and if the readings are the
same the appropriate mode is called. 1If there is required action
for the specific command, the microprocessor remains in the
COM.SER mode.

After a mode sequence is completed execution returns to

the COM.SER mode.

3.5.2 SCAN1

The SCAN1l (Wavelength Scan One) Mode is the primary data
taking mode. This mode is started by insuring that the
instrument is in the standard start confiquration with the
wavelength and platform at fiducials. 1If the motors are not at
fiducial then they are stepped there.

Program control thq& starts executing a chart written in

software for this command. The chart consists of a list of Forth
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words which describe specific actions (step to a specified
wavelength, scan platform, etc.). Anything the instrument can
do can be entered in this chart and the primary effort between
flight is to edit the chart to a new configuration.

The elasped number of data periods and the number of
steps issued to each motor from its last fiducial are kept and
may be used by words in the chart. The step rate of the motors
may be increased during flyback to increase the fraction of time
for data taking.

If the instrument has two microprocessor cards, the Scan
Complete line from the Secondary Microprocessor may be read by
the Primary unit and a Contiuue Scan signal issued only when both
units have completed a scan. A timeout is included to insure
that this wait does not lock up the entire system. If there are
two or more Secondary Microprocessors, their Scan Complete
signals are AND'ed on the Spacecraft Communication card so the

Primary will know when all have completed a scan.

3.5.3 SCaN2
SCANZ ( Wavelength Scan Mode 2) is very like SCAN1l except

that the chart is different.

3.5.4 SCAN3
SCAN3 ( Wavelenth Scan Mode 3) again is very like SCANl

except that the chart is different.

3.5.5 NSP.OV
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NSP.OV (Not Sun Present Override) allows the safety
actions taken by the Sun Present circuit to be overridden in case
the Sun Sensor is defective. The Sun Present circuit is
hardwired to the control of the power of the Integrated Detector
and the Shutter so that the safe mode may be entered without
action of the microprocessor. The microprocessor overrides this
circuit so that data taking can continue. The error bit is not

reset.

3.5.6 FCAL

FCAL (Flight Calibration Mode) runs a test lamp sequence
while in flight. The instrument is brought to the standard start
condition and execution moves to this command's chart.

The chart is like the one fo- SCANLI but includes commands
to control the Cal lamp, wait for the lamp to warm-up, and close
the dust cover,

The platform motor is not stepped and its latch is not
affected.

Upon completion the test lamp is turned off and the Dust

Cover opened.

3.5.6 STAD.ST

STAD.ST (Standard Start command) sets the instrument into
the configuration for the start of normal operation. This
includes:

.1 Wavelength motor at fiducial.

.2 Dust Cover Open.
.3 Shutter Open.
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.4 Cal Lamp OFF.
.5 Not Sun Present circuit Active.

The Scan Platform is not affected.

3.5.7 OP.LAT
OP.LAT (Open Latch command) opens the scan platform latch

and brings the scan platform to its fiducial.

3.5.8 SHT.DW

SHT.DW (Shut Down command) shuts down the instrument in
the normal way. This leaves :

.1 Wavelength at fiducial.

.2 Platform at fiducial.

.3 Shutter open.

.4 Test Lamp off.

.5 Latch closed.

The Not Sun Present Circuit is not affected.

3.6 Development and Interflight Reprogramming

The flight program is maintained on disk in a separate
IBM PC compatible microcomputer, the Software Development System.
A Forth editor is used to enter and edit the flight program into
the development computer and to save it on disk. Math and logic
section of the flight program may be tested and debugged directly
on the development microcomputer.

A utility program is then used to down-1load the flight
program into the Flight instrument's development RAM. After
down-1loading, the development computer becomes a terminal for the

Flight instrument. The program can then be run and debugged.
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when problems are found, the flight instrument is stopped and the
development editor run to fix the problem. This procedure allows
the flight program to be tested in small blocks and problems are

quickly eliminated.

When the program is complete and tested, it is burned
into ROM, Two utility programs, one in the flight instrument and
one in the development system, work together to first set the
Autostart and restart on error flags and then upload the
application program from the development RAM to the development
computer. The program is in the form of ASCII characters. The
development utility stores the program on disk and retransmits it
to the PROM burner.

The burner ROM may then be installed into the Flight
instrument and the development RAM removed. The program can then
be retested as an autostarting program in ROM., The flight
program may send status information out the RS-232 line to the
development computer but it will ignore all incoming characters
and cannot be interrupted from the keyboard.

To make interflight changes the same procedure is
followed. The development RAM is reinstalled and powered through
the RS-232 cable. The flight program is brought on the
development computer's editor and any changes or additions are
made. The program is then down-loaded and tested. When it is
properly functioning it is burned into ROM and the new ROM

installed in place of the old.

3.6.1 Set Up
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Development or modification of the flight program

requires:

Special RS-232 Cable with terminating box
Development and Power Supply Box
PROM Burner
Development Microcomputer with RS-232 port
Development Utilities

.1 Down-Load

.2 Terminal Emulator

.3 Up-load and Burn ROM
The development computer is connnected to the flight

o e
[ 0 S PVIN S

instrument via the Control Box and RS-232 cable. The control box
allows the development computer to send RS-232 serial data either
to the flight instrument or ot the PROM burner. The special
RS-232 cable contains the three RS-232 conductors, a pair of
wires to enable the development RAM in the flight instrument, and
a pair of wires to reset the Flight instrument microprocessor.
The control bos also provides +-12 volts for the RS-232
transmitter.

The RS-232 cable terminates in a small box which is in
turn connected to the flight instrument by a short cable. This
box contains a few components to convert the RS5-232 +-12 volt
signals to # to +5 volts. Placing these components in a small
development box allows them to be removed with the development
cable and thereby not flown.

The RS-232 cable should be less then 58 feet but can be
long enough to allow the flight instrument to be maintained in a

separate clean room.

3.6.2 Step By Step
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The flight and ground programs may be edited and

re-entered by the following step by step procedures.

3.6.2,1 Editing Programs
1. Make a Copy

First make a copy of the program to be edited under a new
name. This may be done on the original or a new disk. The
original program should not be changed directly but kept for
reference. The copy may be made using the COPY command in MS-DOS
A: COPY OLD-NAME.SCR B:NEW-NAME.SCR
Note that the extension .SCR is required by Forth and that on a
new disk the Forth utility set having the extension .COM will be
needed. You should also prepare a back-up disk for your program.
2., Boot Forth

Boot Forth with the new program

FORTH NEW~-NAME
The Forth initiation display will appear on the monitor. Be sure
that the program shown in all lower case letters is the program
you wish to edit., If the name is not correct then the correct
file would not be found. Check your disk and try reentering the
name by USING NEW-NAME,
3. Enter Editor
EDIT
The editor display will appear on the monitor.
4. Set automatic Date

S
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( Enter your Initials )
5. Edit a Screen
To edit a particular screen:
E
( Screen Number )
Check the editor section of the Forth documents to see the
various editor commands available.
6. Leave Editor
To leave the editor press Esc twice. The edited program
will automatically be written to disk.
7. Printout
To print out a copy of the entire new program:
@ ?SCREENS SHOW
8. Leaving Forth
To leave Forth:

BYE

3.6.2.2 Down Loading the Flight Program
1. Correct Program

Check that the program you wish to down-load is on the
active disk and the program DW.COM is also on that disk.
2. Check Hardware

Check that the power is on to the flight microprocessor
and that the development cable is attached. The Development RAM
must be installed and the memory switch on the development box in
the RAM setting.

3. Reset Flight Microprocessor
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Press the reset button on the RS-232 control box.
4, Set Baud Rate

Set RS-232 Baud rate. This must be redone after power up
or after using any program which effects the COM1 command of the
IBM (some word processors). The program MODE must be available
on the disk in the active drive.
A: MODE COM1:48,N,7,2
5. Down Load Program

Enter
DW.COM NEW-NAME.SCR
Note that the extended .SCR must be entered. The monitor screen
will clear and the message "Serial Transmission" appear.
6. Watch for Errors

The program is being transmitted and will appear on the
screen without comments or blank lines. Watch for Error messages
which may mean that there is a mistake in the program. The Error

messages are

Dec Hex
MTG @ 2 Word is not in Dictionary.
Could be bad number.
MTG 1 1 Empty Stack.

A Word expected something on stack.

MTG 4 4 Isn't Unique. Not always a mistake.
MTG 8 8 Disk error. Try again.
MTG 17 11 Compilation only. wuse in definition.
MTG 19 13 Conditional Not paired.
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Usually THEN missing.
MTG 29 14 Definition Not Finished.
Usually ; missing.
Other message numbers are not supported and should not appear.
Note the word in which the first error message occurs so
that you can return to the editor and make the correction. 1If a
word contains an error it will not be entered in the dictionary
and all future references to it will cause additional errors.
Usually you will be able to correct only the first one or two

errors.

3.6.2.3 Burning the ROM

To burn a flight program into ROM. reference the
following steps:
1., Power up the Flight Instrument.
2., Load and test the flight program from development RAM.
3. Disk drive A must have a disk with the utility UP.COM on it
and room to store the flight program in hex.
4. The AMS PROM burning program BIPOLAR.EXE must be on the disk
in drive A or drive B.
5. The Universal PROM Program socket box must be connected to the
correct card in the Development Computer.
6. Up~-load the program with the command:
UP.COM FILE-NAME.HEX
The exact contents of the development RAM will be stored in the
file.

7. Run the ROM burning program:
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B:BIPOLAR

8. Enter I/0 Address

0200

9. Select Signetics group:

S

19 Select [J]82S191] chip:

J

11. Check that chip is blank:
C

Place chip in socket 6 and hit return.
12. Write program to ROM:

W

FILE-NAME.HEX

Offset Address @

13, Verify program:

\'

14 Write second 2K if necessary.
1)

FILE-NAME .HEX

Offset Address 400

15 Verify second Chip

v

{ End of Software Section)
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appendix I

J. T.

Riley

86/16/86

File:
DISK:

XMAP612
612 Documents

MEMORY AND I/0 MAPS
FLIGHT INSTRUMENT
JOB 612 SACS

INTRODUCTION

The memory and 1/0 are mapped for a 88085 Forth flight

instrument.

1.6 Memory Map

1.1 Memory Block Types

The memory is made up of the following memory blocks:

All numbers are in Hex.

Start

boowY
0800
1000

1809
20089

1800

2800
3000
3800

development but not both.

dedicated pair

End Type
B@7FF PROM
@FFF PROM
17FF PROM
1FFF PROM
27FF PROM
27FF RAM
28FF RAM
30FF RAM
38FF RaAM
Note 1.

Chip Description

828191 Forth Core (2k)
82S191 Forth Core (2k)

825191 Forth Core, Assembler

8258191 Program (2k)
828191 Program (2k)
(Note 1)

HM6264 Temporary RAM (4k)
(Note 1)
(remove before flight)

8155H Flight RAM in port
8155H Flight RAM in port
8155H Flight RAM in port

Chip
@
1
(2k) 2
3
4
3
(1/4k) 5
(1/4k) 6
(1/4k) 7

Either the PROM or RAM ray be active

in the RS-232 cable.
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2.2 Assigned Memory Locations
Individual memory locations having specific designations

defined by hardware or Forth requirements are:

Add Mnem Description
0o00 RST®@ Cold start or Reset vector (sent to CLD)
0008 RST1 NOT USED (sent to WRM)
0010 RST2 NOT USED (sent to WRM)
9018 RST3 NOT USED (sent to WRM)
0820 RST4 NOT USED (sent to WRM)
8924 TRAP TRAP interrupt vector, NOT USED (Sent to CLD)
0028 RSTS NOT USED (sent to WRM)
#@2C RST5.5 1Incoming RS-232 Character (sent to RST5.5)
8039 RST6 NOT USED (sent to WRM)
d034 RST6.5 NOT USED (sent to WRM)
#0638 RST7 NOT TSED (sent to WRM)
903C RST7.5 ~~'a Interrupt (sent to DATA vector )
0040 Start of Boot-up Literals (34 bytes)
Po62 Start of Core and Assembly words (about 6k bytes)
1FFF End of Core space
1800 Vector to flight autostart Word (2 bytes)
1803 Vector to Incoming RS-232 character Word
(3 bytes)
1806 18XX FORTH Vocabulary
18xy First Application Word ( HERE . )
27FF End of Application Word area (about 4k bytes)
2800 Incoming Character buffer, KEY (2 bytes)
2802 Word Buffer Data Buffer (84 bytes)
2842 Text Buffer, PAD, OUT (64 bytes)
2882 User Area Pointer UP (2 bytes)
2884 User Variables (48 min. 182 bytes allotted)
3000 Temp Input Buffer TIB Data Buffer (64 Bytes)
30FF Parameter Stack, SO
(170 min. 192 bytes allotted, grows down)
37FC Return Stack, RP, IN
(48 min. 254 bytes allotted, grows down)
37FE Return Stack Pointer RPP (2 bytes)
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2.8 1/0 Map
All chips are 8155H (port with RAM and timer/counter).

All numbers are in Hex.

1/0 ADD Port 1/0 Description

PORT 2 CHIP Ul@

29 A5 (8) O Data Out (8)

2A B2 (8) 1 Fiducials , or Analog In

1 - Wavelength Cam, course, Fid-#

2 - Wavelength Motor, fine, Fid-#

4 - Dust Cover Open, Fid-1

8 - Dust Cover Closed, Fid-1

18 - Scan Platform Cam, course, Fid-0
20 - Scan Platform Motor, fine, Fid-g@
49 - Latch Open, Fid-1

80 - Latch Closed, Fid-1

or
Analog In (4), Misc. (4)
1 - Sun Intensity Level 1, l-High
2 - High Voltage Level 1, 1-High
4 - Temperature Level 1, 1l-High
8 - One of above, Level 2, 1l-High
10 - Optical Test Sensor, 1-0n
20 - Output Data Counter, 1-MOD 8
40 - NOT Sun Present, l-Normal
80 - Scan Complete Input, l-Complete
2B C5 (6) O Fid / Analog Select @-ANALOG/1-FID
Spare (5)
Timer/counter 5 Data Out counter (/8 Pulses)
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PORT CHIP 6

31 A6 (8) 1
32 B6 (8) I
33 Cé6 (6) O

Timer/counter 6

PORT CHIP 7

39 A7 (8) 1
3A B7 (8) O
3B C7 (6) O

0-0OPEN/1-CLOSED

Time/counter 7

Data In Low Byte (8)
Data In High Byte (8)

1 - Data In Count Enable 0-Not/l-Enable
2 - Data In Counter Reset @#-Reset/l1-Count
Motor Control Lines (4), slow pulse

4 - Step Scan Motor

8 - Step Dust Cover Motor

180 - Step Platform Motor

20 ~ Step Latch Motor

Sun Present Time out {( 1 min Pulses)

Command In (8)

Relay Controls (8), 019 Pulse, 1 msec.
1 - Spectrometer motor, Hold
2 ~ Spectrometer motor, Step enable
4 - Dust Cover Motor, Hold
8 - Dust Cover Motor, Step enable
18 -~ Platform Motor, Hold
20 - Platform Motor, Step enable
40 - Latch Motor, Hold
84 - Latch Motor, Step enable

1 - Cal Lamp Relay, 6 - Off/ 1 - On
2 - Dark Shutter Optical Isolator,

4 - Sun Inhibit Override
@-Inhibit enable/1-DET POWER ON
8 -~ Data Out Buffer, Pulse - Load Data
18 - Scan Complete OQutput
#-normal/l-Scan Complete
280 - Command Reset, #-Hold/l-Reset

Slow Clock ( 1000 Hz Sq. Way.)
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3.8 USER Variables

Off Add

20
02
04

26
28
ga
ac
8E
19
12
14

16
18
1a
1C
1H
20
22
24
26
28
22
2C
2E
30

32
34
36
38
3a

Description

Not Used
Not Used
Not Used

Start of Fixed Order Words
S8 Address
R® Address
TIB Address
WIDTH (max) of word name
WARNING number of error
FENCE
DP Address
VOC~LINK

End of Fixed Order Words

BLK (Disk word not used)
IN (Disk word not used)
OUT (used by emit)
SCR (disk word not used)
OFFSET (disk word not used)
CONTEXT vocabulary
CURRENT vocabulary
STATE compiling/executing
BASE of numbers printed
DPL output format
FLD output format
CSP error check
R# (editing not used)
HLD output format

Start of Application USER Variables

ELAP.T Elasped time in data periods.
PRES.COM Present command being executed.
WAVE Wavelength step.

ANG Scan Platform Angle step.

ERR Error Flag.

available

Last available USER Variable
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Appendix II

SACS DATA WORD BIT IDENTIFICATION

J. T. Riley
85/28/86
File: APPEN612

Introduction
The data from the instrument is in the form of a large

serial data word. The size of the data word is defined for
likely configurations and the meaning of each bit given.

1.8 Word Length
The length of the data contributed by each microprocessor
module must be divisible by eight. The single spectrometer

system would require the following bits:

Spectrometer
Count 13
Wavelength 19
Command 3
Status 6
Error 1
Total 33
Scan Platform
Scan Angle 13
Status 2
Total 15

The proposed configurations would then have the following

word lengths.
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One Spec without Scan

Spec 33
Fill 7
Total 49
One Spec with Scan
Spec 33
Scan 15
Total 48
Two Spec. with Scan
Spec 1 33
Scan 15
Spec 2 44d
Total 88
Four Spec. no Scan
Spec 1 40
Spec 2 49
Spec 3 40
Spec 4 40
160

2.8 Bit Identification
The data bits have the following identities. There is no

difference between the Primary and Secondary microcomputer data.

2.1 Spectrometer.

First 8 bits

Count, low word, bit
Count, low word, bit
Count, low word, bit
Count, low word, bit
Count, low word, bit
Count, low word, bit
Count, low word, bit
Count, low word, bit

, LSB

QWU N
ONO N W
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Second 8 Bits

9 Count, high word, bit 9

19 Count, high word, bit 18

11 Count, high word, bit 11

12 Count, high word, bit 12

13 Count, high word, bit 13, MSB

14 Command word, bit 1

15 Command word, bit 2

16 Command word, bit 3
Third 8 bits

17 Wavelength, low word, bit 1, LSB

18 Wavelength, low word, bit 2

19 Wavelength, low word, bit 3

28 Wavelength, low word, bit 4

21 Wavelength, low word, bit 5

22 Wavelength, low word, bit 6

23 Wavelength, low word, bit 7

24 Wavelength, low word, bit 8
Fourth 8 Bits

25 Wavelength, high word, bit 9

26 Wavelength, high word, bit 10, MSB

27 Wavelength Fiducial., 1 = At fid

28 Cover Status, 1 = Closed

29 Shutter Status 1 = Closed

36 Test Lamp Stat, 1 = On

31 High Voltage Status, 1l = On

32 Test Lamp Status, 1 = Sun Present
Fifth 8 Bits

33 Error Indicator, 1 = On

34 Fill

35 Fill

36 Fill

37 Fill

38 Fill

39 Fill

49 Fill

2.2 Scan Platform

If the scan platform is present,

Primary microporcessors has

data.

then the data for the

the scan information added to the

- 131 -




Fifth 8
33
34
35
36
37
38
39
40

Sixth 8
41
42
43
44
45
46
47
48

Bits

Bits

Angle,
Angle,
Angle,
Angle,
Angle,
Angle,
Angle,
Angle,

Angle,
Angle,
Angle,
Angle,
Angle,

low
low
low
low
low
low
low
low

high
high
high
high
high

word, bit
word, bit
word, bit
word, bit
word, bit
word, bit
word, bit
word, bit

word, bit
word, bit
word, bit
word, bit
word, bit

Scan Angle Fiducial,

Latch Status, 1 = Latched

Error Bit,

14
9
10
11
12
13, MSB
1 At fiducial

1l = Error.
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Screen % O

( FLIGHT PROGRAM JOB 612 JTR 11:54 06/02/86 )
( Last change: Screen 027 JTR 10:33 06/16/86 )
( APPENDIX III - FLIGHT PROGRANM )
( )
( SACS Job 612 )
( Version 1.0 )
( J. T. Riley )
( RSI )
( File: FP.SCR Disk: SACS JOB 612 PROGRAM )

Screen #% 1
( USER VARIABLE, VARIABLE, CONSTANT 15:13 06/02/786 )
FORTH DEFINITIONS HEX

32 USER ELAP.T ( ELAPSED TIME, data periods )
34 USER PRES.COM ( Present mode command )
36 USER WAVE ( Wavelength motor step count )
38 USER ANG ( Platform motor sgstep count )

(

USER ERR Error flag )
2802 CONSTANT DAT.BUF ( Address of data buffer )
125 CONSTANT MOT.F ( Stepper Motor Frequency, Hz )
10 CONSTANT W.RELAY ( Length relay pulse, msec )
DECIMAL

Screen # 2
( INIT.PORTS JTR 11:50 06/02/86 )
ASSEMBLER HEX

CODE INIT.PORTS ( -- , Initiate Ports )
08 A MVI 2C OUT ( Timer S /8 )
CO A MVI 2D OUT ( Timer S cont Pulses )
CD A MVI 28 OUT ¢ AS-0, BS-1I, CS-~0 )
E8 A MVI 34 OUT ( Timer 6 /1000 )
C3 A MVI 35 OUT ( Timer 6 cont Pulses )
CC A MVI 30 OUT ( A6-1I, BS-I, C5~-0 )
03 A MVI 3C ouT ( Timer 7 /3072 )
CC A MVI 3D 0OUT ( Timer 7 cont Pulses )
CE A MVI 38 OUT (¢ A7-1, B7-0, C7-0 )
NEXT JMP C:

DECIMAL

LLaboratory Microsystems PC/FORTH 3.00 10:59 06716786 fp.scr
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Screen # 3
( I.VAR

: I.VAR ( y
0 ELAP.T

0 PRES.CONM

0 ERR ! ;

DECIMAL

Screen # 4

( B5@, COMe, C7@

HEX

CODE BS® ( -- B,
2A IN
L A MOV
HPUSH JMP

CODE COM@ ( -- N
39 IN
L A MOV
HPUSH JMP

CODE Cc7@ ( -- N ,
3B IN
L A MOV
HPUSH JMP

Screen % 5

( D!, F/A!

(B
H POP
29 OUT

CODE D!

CODE F/AY' ( N
H POP
2B OUT

Laboratory Microsystems PC/FORTH 3.00

e DV R

Initialize Variables )
( Zero Elapsed Time )

( Present Command )

( Error flag »

Read Port

BS )

( Read Port BS )

( LSB )
C; (

, Read

Command input,

H 0 MVI

Place on stack )

( Read Port A7)

( LSB
C; (

Read

H 0 MVI (

Place on stack )

Port C7 )

( Read Port C7 )

( LSB )
C; (

, Data byte out,

A L MOV
NEXT JMP C;

, Select Fid or Analog,

A L MOV
NEXT JMP C;

H O MVI

Place on stack )

Port A5 )
( Get From Stack
( Out Port AS )

( Get From Stack
( Out Port C5 )
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Port A7 )

11:00

( MSB )

MSB >

( MSB )

JTR 12:15 05/30/86

JTR 10/32 06/16/86

)

Port C5 )

)

06/16/86

fp.scr

JTR 15:16 05/30/86 )

)




Screen # 6

JTR 11:00 05/30/86 )

JTR 12:22 05/30/86 )

( C6!, MR!, C7!
CODE C6! ( N -- , Output Port C6 )
H POP A L MOV ( Get From Stack )
33 OUT NEXT JMP C; ( Out Port C5 )
CODE MR! ( N -- , Output Motor Relay, Port B7 )
H POP A L MOV ( Get From Stack )
3A OUT NEXT JMP C; ( Out Port B7 )
CODE C7! ( B -- , Output Port C7 )
H POP A L MOV ( Get From Stack )
3B OUT NEXT JMP C; ( Out Port C7 )
Screen # 7
( FID@, ANAG
FIDe ( -- N , Read Fiducials )
1 C5!¢ Bse ;
ANA@ ( -- N , Read Analog Levels )
0 C5! B5! ;
T.L? ¢ -- F , Test Lamp Status, 0 Off, T On )
ANA@ 10 AND :
0.D.C.? ( -- F , Output Data Counter, 0O-not/8.
ANA@ 20 AND :
SUN? ( -- F , Sun Present , 0-Save, T-Alarm )
ANA@ 40 AND ;
Screen % 8
( ST.MOT, MOT.WAIT, W.MOT, DC.MOT
HEX
ST.MOT ( N -- , Step motor # once )
C6! 1 MSEC O C6! ;
MOT.WAIT ( -- , Wait one motor cycle )
1 MOT.F /v 1000 » 1 - MSEC ;
W.MOT ( N -- , Step wavelength motor )
0 DO
4 ST.MOT MOT.WAIT
LOOP ;
CC.MOT ( N -- , Step Dust Cover motor )

O DO 8 ST.MOT MOT.WAIT
LOOP

Laboratory Microsystems PC/FORTH 3.00

11:00
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Screen % 9

( SP.MOT, L.MOT JTR 11:52 06/02/86 )
: SP.MOT ( N -- , Scan Platform motor )
0 DO 10 ST.MOT MOT.WAIT
LOOP
: L.MOT ( N -- , Latch motor )
O DO 20 ST.MOT MOT.WAIT
LOOP ;
W.HS ( F -- ., Wavelength motor, 0 Hold, 1 Step)
1 AND 1 + B7! ;
W.RELAY MSEC O B7! :
Screen # 10
( DC.HS, SC.HS, LC.HS JTR 12:22 05/30/86 )
: DC.HS ( F -- , Dust Cover motor, O Hold. 1 Step)
4 AND 4 + B7!
W.RELAY MSEC O B7! ;
SC.HS ( F -- , Scan Platform motor, 0 Hold. 1 Step)
10 AND 10 + B7!
W.RELAY MSEC 0 B7! ;
: LC.HS ( F -~ , Latch motor, 0 Hold, 1 Step)
40 AND 40 + B7!
W.RELAY MSEC 0 B7! ;
Screen % 11
¢ §.C.17 JTR 14:05 05/30/86 )
$.C.1?2 ( -- F , Scan Complete :Input, 0-No, T-Complete )

ANA@ 80 AND ;

: T.L ( F -- , Test Lamp Command, O0-Off, T-ON )

1 AND C70 FE AND + c7! :
SHUT ( F -- , Shutter Command, 0-Open, T-Closed )

2 AND C7@ FD AND + C7! :

: D.O.B.LL ( -- , Data Out Buffer Load, Pulse )
4 C706 + C7! ( Set bit )
C7@ FB AND C7t ; ( Clear Bit )

Laboratory Microsyatems PC/FORTH 3.00 11:00 06/16/86 fp.scr
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Screen # 12

( S.C.OUT, COM.RS JTR 15:29 05/30/86 )
: S.C.0UT ( F -- , Scan Complete Out, 0-Not, T-Complete )
10 AND C7@ EF AND + c7! ;
: COM.RS ( -- , Command Reset )
20 C7@¢ + C7! ( Set bit )
C706 DF AND C7! ; ( Clear Bit )
: WFID? ( =-- F , At Wavelength Fid, T-at fid )
FID@é 3 AND 3 = ; ( Two Fids )
PFID? ( -- F , At Platform Fid, T-at fid )
FID@ 30 AND 30 = ; ( Two Fids )

Screen # 13

( NEW.COM?, ST.WFID, ST.SPFID JTR 15:31 06/02/86 )
: NEW.COM? ( -- F, New Command ? , 1 NEW )
come
PRES.COM @ = NOT ; ( Does not change command )
ST.WFID ( -- , Step to Wavelength Fiducial )
BEGIN WFID? NOT WHILE (¢ At fid ? )
1 W.MOT REPEAT ; ( Step to fid )
ST.SPFID ( -- , Step to Scan Platform Fiducial )
BEGIN SPFID? NOT WHILE ( At fid 2?2 »
1 SP.MOT REPEAT ; ( Step to fid )

Screen # 14

( JTR 15:36 06/02/86 )

OP.DC ( -- , Open Dust Cover with time out )
TRUE DC.HS

200 0 DO 1 DC.MOT ;

Laboratory Microsystems PC/FORTH 3.00 11:01 06/16/86 fp.scr
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Screen # 15
( Additional command words JTR 11:16 04/09/86 )

Screen # 16
( STAN.ST JTR 10:32 06/16/86 )

: STAN.ST ¢ -- , Standard Start Condition )
( Step to Wave Fid ) '
( Step to Angle Fid )

Screen # 17
( JTR 11:11 05/30/86 )

Laboratory Microsystems PC/FORTH 3.00 11:01 06/16/86 fp.scr
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Screen % 18

( JTR 11:11 05/30/86 )

Screen # 19

( JTR 11:11 05/30/86 )

Screen % 20

( JTR 11:11 05/30/86 )

Laboratory Microsystems PC/FORTH 3.00 11:01 06/16/86 fp.scr
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Screen # 21
( JTR 11:12 05/30/86 )

Screen # 22
( JTR 11:12 05/30/86 )

Screen # 23
( JTR 11:12 05/30/86 )

Laboratory Microsystems PC/FORTH 3.00 11:01 06/16/89 fp.scr
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creen # 24

SER.COM. JTR 11:13 05/30/86 )
SER.COM ( =-- , Service incoming commands )
BEGIN 1 WHILE ( Infinite loop )
COM.CK ( Get new command )
DUP 1 = IF , EARTH EXECUTE
puUP 2 = IF , SUN EXECUTE
4 = IF , CAL EXECUTE
STANDBY
SUN?
SRU
REPEAT ;
Screen # 25
( CTe JTR 14/30 05/30/86 )
~ODE CT®@ ( -- N , Read Detector count, Port A6, B6 )
A 0 MVI
33 ouT ( Stop Count )
31 IN ( Read Port A6, LSB )
L A MOV ( LSB )
32 IN ( Read Port B6 )
H A MOV ( MSB )
A 2 MVI
33 ouT ( Reset Counter )
A 1 MVI
33 OouT ( Enable Counter )

HPUSH JMP C; ( Place on stack )

Screen #% 26

( DATAG JTR 11:54 06/02/86 )
. DATA@ ( -- , Read new Data, Store at DAT.BUF )

CT@ DUP EOO0 AND 1IF 1 ERR ! 1FFF AND ( Count )

PRES.COM 2000 » + DAT.BUF ! ( Command )

WAVE O3FF AND ( Wavelength )

WFID? 4000 AND SWAP ( Wave Fid )

8 AND 200 =» + ( D C status )

SHUT 1000 + ( Shutter )

ANAG DUP DUP 40 AND 80 =» SWAP ( Sun present )

2 AND 2000 » + SWAP ( High Voltage )
(

10 AND 800 *» + =+ 2 DAT.BUF + ! Test Lamp )

ANG 1FFF AND ( Platform Angle )
PFID? 4000 AND SWAP ( Platform Fid )
8 AND 800 * + + ( Latch Status )

ERR 8000 AND + 4 DAT.BUF + ! ; ( Error )

Laboratory Microsystems PC/FORTH 3.00 11:02 06/16/86 fp.scr
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Screen # 27
( DATA, Data handling in Forth

DATA ( -- , Data service on interrupt 7.5 )

49 0 DO
BEGIN NSP@ 2 AND NOT WHILE ( Wait for counter
DAT.BUF 49 I - + C! D.OUT ( Output data byte )

LOOP

DATA@ ( Read new Data )

DAT.BUFF @ D.OUT ( Preload output )

1 ELAS.T +! ( Increment elasped time )

IRET ; ( End interrupt )

Screen # 28

———— -

JTR 10:33 CU. 1€6€/86 )

( INT7.5 JTR 11:57 03/31/89 )
CODE INT7.5 ( -- , Set up Forth interrupt 7.5 )
PSW PUSH B PUSH D PUSH H PUSH
H , DATA 2 -~ 256 / MVI ( Code Field Address )
L , DATA 2 -~ 256 MOD MVI
E M MOV ( code address )
H INX
D M MOV
XCHG ( Code Address in HL )
PCHL ( Mimic NEXT )
C:

Screen # 29
( Initiate Interrupt 7.5. INIT

HEX
C3 1802 C! ( JMP command )
’ INT7.5 2 - 1803 ! ( Upper interrupt Vector
INIT ( -- , Initiate System )
I.COM I.VAR INIT.PORTS ( Initiate system )
DI O MFP! OFF TAPE SRU SUN?
1000 O DO LOOP ( Wait )
ON MFP! EN.I ( Enable Data )
SER.COM ; ( Service incoming Commands )
’ INIT 1800 ! ( Cold Start vector )

( End of Program )
HERE 27FF SWAP - DECIMAL CR ." Memory remaining - " . CR

Laboratory Microsystems PC/FORTH 3.00 11:02 06/16/86
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FLIGHT INSTRUMENT ELECTRONICS

GENERAL DESCRIPTION

INTRODUCTION

This document is the primary written reference for the
electronics of the HUP2 612 project. It serves as the design
specification and the operating manual for both the flight instrument
and the Software Development System. The hardware and software for
the system are described in detail.
1.0 Purpose of Document

This document serves as the specification for the electronics
portion of this project. The function of the electronic hardware and
software are described in detail.

Also included are instructions for the operation of the
Software Development System. These provide step-by-step instructions

for the writing of software, its debugging, and the burning of PROMs.

The optics and machanical design are not covered.

l.1 Description of Flight Instrument Electronics

The flight electronics is composed of a number of printed
circuit cards mounted in individual aluminum boxes and connected by
cabling. This system controls the flight instrument in response to

commands from the spacecraft and transmits data to the spacecraft.

1.2 Description of Software Development System
The Software Development System consists of a small computer,
power supply, and cables which support development of the flight

software and debugging of both the software and hardware.
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HUP2 HARDWARE

INTRODUCTION

The hardware for the HUP2, a two spectrometer instrument with
scanning platform, is described in detail. This same electronic
system may be used with two or four spectrometers and either with or
without a scaning platform. The hardware for the Software development
is also described.

2.0 Hardware Description
The electronics for the HUP2 multiple spectrometer instrument

is divided into the following modules:

EMI Filter (1 per system)

+5 Power Supply (1 per system)

Spacecraft Communications Module (1 per system)
Microprocessor Module (1 per spectrometer)
Motor Control Module (1 per two motors)

Motor Control Module, DC (1 per platform)
Integrated Detector (1 per spectrometer)

NOU W N
.

Also on the instrument are the following electronic devices:

Wavelength Motor (1 per spectrometer)
Wavelength Cam Fiducial (1 per spectrometer)
Dust Cover Motor (1 per spectrometer)

Dust Cover Fiducials (2 per spectrometer)
Shutter (1 per spectrometer)

Test Lamp (1 per spectrometer)

Platform Motor (1 if platform used)

Platform Cam Fiducials (2 if platform used)
Platform Latch DC Torque Motor (1 if platform used)
Platform Latch Fiducials (2 if platform used)
11. Sun Sensor (1 per spectrometer)

12, Flight Cables (1 set)

WO bW
L]

—
[~

The system (see Figure 21) consists of the basic support
equipment (EMI filter, Power Supply, Spacecraft Communications Module,
and cables); a Master Microprocessor (Microprocessor Module, Motor

Control Module, Integrated Detector, motor, etc.) and one or three
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Secondary Modules ( identica} hardware with Master). 1If the system
has a scan platform then an additional Motor Control Module will be
cabled to the Master Microprocessor.

Each module will consist of a single printed circuit board
mounted in a machined aluminum housing with subminiature D connectors.
The components are chosen for high reliability. All components which

dissipate significant heat will be heatsunk to the module cases.

2.1 Electronic Subassemblies

The following electronic subassemblies are used in the system.

2.1.1 EMI Module
The EMI module prevents electromagnetic from getting from the
instrument back to the spacecraft over the power lines. It also

smooths and filters the incoming +28 volt power for the instrument.

2.1.2 +5 Power Supply

The +5 power supply converts +28 volt power into regulated +5
voltage for use by the Microprocessor Modules, the Spacecraft
Interface Module, The Motor Control Modules, and the Integrated
Detectors. This is a standard high reliable flight power supply and

its size is dependent on the number of spectrometers in the system.

2.1.3 Spacecraft Interface Module
The Spacecraft Communication Module acts as the interface
between all the Microprocessor Modules and the spacecraft., It

performs the following functions:
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LT PN

.1 Buffers 8 incoming Command Lines.
.2 Buffers incoming Data Enable and Data Clock lines
with a separate output for each instrument.
.3 OR's serial data lines from all microprocessors.
4 Buffers outgoing data.
.5 Provides +18 volt power for analog Circuits.
To a Maximum of 75 milliamps per microprocessor.

.6 AND's Scan Complete signal from multiple

secondary Microprocessors.

The HUP2 instrument, or instruments, may be used on a variety
of spacecraft by redesigning only this module and reprogramming the
microprocessor modules. If only one instrument is to be used and the
spacecraft communication link is TTL compatible, then this module may
not require active components. For multiple instruments the data
output lines will be OR'ed together here. Some spacecraft may require
the data lines to be inverted or shifted to 8 -~ 18 Volt levels, this

type of adaptation is easily implemented with a few chips in this

module.

2.1.4 Microprocessor Module
The Microprocessor Module is the brain of the instrument and

contains the following sections.

2.1.4.1 Forth Core

This is a 8685 microprocessor with a Forth operating system in
ROM. It allows the flight software to be developed quickly in a
higher level language and supports software debugging. A detailed
allocation of the memory is included in Appendix IV, Memory and I/0
Map.

All the ROM, both that is used for the Forth Core and used

for the Flight Program, is of the UV erasable type. A Software
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development RAM chip is placed in the Flight Program PROM socket
during development. The choice of RAM or PROM for this socket is
determined by a jumper on the microprocessor board. Provision is made
on the board for either a temporary wire wrap jumper or a soldered
wire. The development RAM is not flown to save power and space, and
to improve reliability.

The core has a RS-232 port which is used only for software
development and debugging. The board output and input are at TTL
levels for simplicity and a separate box in the development cable

contains a converter to the +-12 volt standard RS-232 levels.

2.1.4.2 Data In and Out

The data transmission system is initiated by the Data Enable
signal tripping the 7.5 interrupt. The data is then transferred from
memory to a 8 bit shift register which shifts the data out on the Data
Clock pulses. The Data Clock pulses are also counted in hardware with
a divide by 8 so that the timing of the transfer on the next data word

is easily accomplished at high speed.

2.1.4.3 Fiducials

all the fiducials consist of LED/Phototransistor pairs mounted
so that a hole in a mechanical device is aligned with them at the
reference mark. Fiducials read the edges of the hole or flag and not
the center of the hole. When the fiducial is aligned at its reference
mark it reads a logical 4.

The fiducials on the motors read a hole in a disk attached to

the drive cam. This produces one reference mark per complete cycle
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and this mark is located in the middle of the flyback segment.
The dust cover and latch have fiducials at the fully open and

the fully closed position.

2.1.4.4 Analog Signals

Up to four analog signals may be input, buffered, and output
by the microcomputer card. The outputs are not inverted and have a 2K
series resistor. Each of these levels may be compared to a reference
level set by a resistor and these comparisons can be read by the
microprocessor. If all four comparisons are not needed, one signal
may be compared against two levels,

The selection of comparitors and power source for the analog
buffer is set by jumpers on the microprocessor board. The reference
voltage level for the comparators is set by resistors on the
microprocessor board. The analog chips may be powered by an external
power source on the Spacecraft Interface card or from the internal +5
volts.

This allows the microprocessor to read hardware defined levels
or windows of the housekeeping data. This may be used to detect the

correct level for the detector HV.

2.1.4.5 Scan Complete

To coordinate the wavelength scans of more than one
microprocessor, a SCAN COMPLETE INPUT and a CAN COMPLETE OUTPUT
signal are provided. The secondary units set the SCAN COMPLETE OUTPUT
high when they complete a wavelength scan. They then wait for the

SCAN COMPLETE INPUT to go high or a time-out to occur before starting
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the next scan. The SCAN COMPLETE OUTPUT is reset on the start of the
new scan.

The Primary microprocessor, upon completing its wavelength
scan, waits for the SCAN COMPLETE INPUT to go high or for a time-out
to occur before starting its next scan and pulsing the SCAN COMPLETE
OUTPUT high for 1 millisecond.

For an instrument with more than one secondary microprocessor,
the SCAN-COMPLETE OUTPUT signals from the secondary units are AND'ed
together on the Spacecraft Interface Card and the result sent to the
Primary unit. This feature is not implemented if only one instrument

is used.

2.1.4.6 Motor Control

The microprocessor may control up to 4 stepper motors but
cannot provide enough current to drive the motors. Relay control
lines are also provided to switch the motors from a step to a hold

state.

2.1.4.7 NOT SUN PRESENT

The NOT SUN PRESENT signal triggers a hardware function to
protect the detector from exce;sive sunlight. The microprocessor can
sense the state of this circuit and override the safety if commanded
to do so.

When the NOT SUN PRESENT signal is high, a safe and normal
condition exists. The Detector Power Relay is energized so that the
detector is operational. The Shutter Relay is not energized,

therefore, the Shutter is open.

- 153 -




When the NOT SUN PRESENT signal goes low, the Detector Power
Relay is de-energized so the detector high voltage is off, and the
Shutter Relay is energized and the Shutter closes. A one minute timer
is also started which holds this situation for at least one (1)
minute. After one minute, if the NOT SUN PRESENT signal has returned
to high, normal operation is resumed.

If the microprocessor receives a command 4, HV.OVR, it
overrides the effects of the NOT SUN PRESENT signal and the instrument
is placed in the normal operating mode. This command is used if the
Solar Sensor is malfunctioning. The NOT SUN PRESENT signal is
reactivated after a Command 6, Standard Start Position, is received.

If the microprocessor card is powered, but the microprocessor
is not running, the NOT SUN PRESENT signal going low will lock the
detector power off and it will not reset after one (l) minute.

The microprocessor may also separately energize the Shutter.

2.1.4.8 Spacecraft Commands
The microprocessor can read 8 command lines from the
spacecraft. These are the same 8 lines for all microprocessors but

different instruments may respond differently.

2.1.5 Motor Control Module

The Motor Control Module provides drive power for two
four-phase stepper motors. The motor drivers have input buffers,
pulse counter, optical isolators, and headsunk power transistor. The
+28 Volt supply and return are completely isolated from the +5 Volt

supply and return. Latching relays are included to switch the motors
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between a holding current and a stepping current.

One Motor Control Module can power the Wavelenth Scan Motor
and the Dust Cover Motor which are always steppers. If the Platform
Scan Motor and the Platform Latch Motor are both steppers, a second
Motor Control Module of the same type can be used for them. If the
Platform Latch Motor is a DC motor instead of a stepper, then a second
type of Motor Control Module must be used which controls one stepper
and one DC motor.

Also included in the stepper motor version of the Motor
Control Box are two relays to control power to the Detector and the
Cal Lamp. These relays are not latching. A Shutter driver circuit
with optical isolator is also present. These features are not present
in the DC motor version.
2.1.5.1 Motors

All the Wavelength, Dust Cover, and Platform are four-phase
+28 VDC stepper motors. The Platform Latch Motors is a DC torque
motor. The Shutter is a +28 VDC one step motor.

The Wavelength motor always goes in one direction. The Dust

Cover, Platform and Latch Motors ate reversible.

2,1.6 Integrated Detector

The Integrated Detector puts out a pulse for each event
detected by the Photomultiplier Tube. The pulses are counted on the
microprocessor card.

This device also outputs an analog high voltage monitor signal
which may be sensed by the microprocessor system to determine proper

operation of the Integrated Detector.
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2.1,7 Fiducials

All fiducials are LED/Phototransistor pairs that put out a low
signal when the light path is not interrupted which is the state at
the reference mark. The high to low transition, therefore, represents

the reference position.

2.1.8 Shutter

The Shutter is a 1/3 turn DC rotary solinode. 1t is spring
loaded open and closes when a signal is applied. When energized, the
Shutter blocks the entrance slit allowing the reading of dark counts.
The Shutter also blocks light from the Test Lamp.

This device draws substancial power continuously when

activated.

2.1.9 Sun Sensor

The Sun Sensor uses a phototransistor to sense the presence of
the sun in or near the field of view of the instrument. 1Its output is
a digital signal, NOT SUN PRESENT, which is @ when the sun is present
and 1 when the field of view is safe. This signal is used to protect
the detector from excessive sunlight.

The sensitivity of the unit is set by an internal resistor
which must be chosen before encapsulation. The field of view of the
sensor is set by the mechanical housing which must be set before

assembly.

2.2 Power Requirements
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The electronic modules require the following amounts of power:

Module +28 +5
1. EMT Filter 8.9 9.9 Watts
2. +5 Power Supply 12.0 0.9
3. Spacecraft Interface Module 2.0 2.0
4. Microprocessor Module 2.0 8.0
5. Motor Control Module 3.0 1.0
6. Motor Control Module, DC 3.9 1.9
7. Integrated Detector 4.0 0.9
System ( 2 instruments and Platform)
.1 Run 25.0 Watts
.2 Hold (motors hold, detector off) 15.0 Watts

All the above figures were obtained by calculating estimates

from measurements of similar modules.

2.3 Software Development System

The following hardware is provided to develop software for the

instrument.

Software Development
.1 RS-232 Cable
with converter and reset boxes.

.2 RS-232 power supply
.3 Test power cable.

The following equipment is required, but not provided, under
this contract:

.1 IBM PC compatible computer
with RS-232 port.

.2 Printer (optional)

.3 +28 Volt bench power supply.

This equipment is shown in Figure 20.

2.4 Calibration and Testing System

The following hardware is required to calibrate and test the
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instrument.

.1 IBM PC compatible computer
( The development computer can be used)
.2 IBM Spacecraft Emulator Card
.3 Test Data cable.
4 +28 Volt bench power supply
{Same one used for software development)
.5 Power Cable
{Same one used for software development)

This equipment is shown in Figure 28, Details for the used of
this equipment are given in a separate manual, Calibration and Testing
System using the IBM PC.

To use the same computer for software development and for
calibration and testing then the calibration program must be burned

into PROM before the test.

2.5 Microprocessor Board Jumpers

The following jumpers are on the microprocessor board.
2.5.1 Development RAM / Flight EPROM

This jumper controls the Not Write line to the Development
Ram. When Development RAM is being used, then this jumper should be
installed.

Remove this jumper before flight.
2.5.2 Case Ground / Power Return

This jumper connects the case ground to the power return line.
Most systems do not use this jumper. Install only if required by your
ground system,
2.5.3 Analog System Power

This jumper allows the analog chips to be powered either from

the internal +5 supply or from an external power supply. Using an
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external supply will allow the analog system to operate over a larger
range. This voltage should be about 2 volts over the highest analog
level expected. 1If the internal supply is used, the hightest level
that could be sensed is about +3.5 volts.

Install this jumper either to the internal or external supply.
2.5.4 Analog Sense Channels

Several jumpers may be installed in the analog system to
choose inputs.

If all four channels are used for different signals, then no
jumpers are needed.

Any unused inputs should be jumpered to ground.

If an input signal is to be sensed at more than one level,
then a jumper is needed to tie the incoming signal to the additional
channels.

2.5.5 Analog Sense Levels

The resistors R51 through R57 set the trip level for the four
analog sense channels. These are simple voltage dividers with a 10
Kohm resistor off the selected analog supply voltage. The values may
be determined by calculation or testing.

Unused channels should have 18 Kohm resistors.

2.5.6 Port 3 Counter

The counter in port chip 3 may be used if its output is

jumpered to one of the analog inputs and the resistor for this channel

set at 1@ Kohms. This feature is not normally used.
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({ End of Hardware Section )
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HUP2 FLIGHT SOFTWARE

J. T. Riley
04/11/88
File: SOFT612

INTRODUCTION

The software for the HUPZ microprocessor cards is first
generally disgussed and then details of the flight application
program are given.

3.8 Software.
3.1 General Philosorhy

The flight instrument software is based on a Forth
language core with the application software added in its own PROM
or in a temporary development RAM.

In the design phase, the application was broken down into
functional blocks each with one entrance and one exit. These
blocks are written as words in the Forth dictionary. The large
blocks are subsequently broken down into smaller blocks and this
process continued until only words in the Forth core, or new

assembly language words are needed to write the blocks.

3.1.1 Forth Core

The Forth language core is burned into 8K of UV erasable
PROM and provides a basic set of functions for compiling new
portions of the program, interpreting the completed program, and

doing math and logic. Also included is a small assembler to
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allow defining of assembly language words.

The Forth core is based on the FigForth model with the
disk operating system removed. During development the program is
stored on the disks of a separate microcomputer, therefore, no

disk operating system is needed in the flight instrument.

3.1.2 Structure

The Flight program contains only words needed in flight.
Other functions, such as ground calibration, can be supported by
temporary programs loaded into the development RAM.

The Flight program is divided into three (3) main Words;
INIT which sets up the instrument, DATA which reads and transmits
data, and SER.COM which receives and services commands. Each of
these words is broken down into more detailed words.

The INIT initiates the systems variables, resets all
functions to the defined starting situation, and puts the
instruments through the start-up sequence. This is the Word
which is executed on power up, or on pressing the reset button
through the RS-232 cable. When this word is completed, execution
moves to SER.COM.

The DATA word is executed upon the 7.5 interrupt line
which is controlled by the Data Enable signal from the Spacecraft
Interface Box. This word will be run once each time a Data
Enable occurs after the INIT is complete. The Data is first
transmitted to the Spacecraft Interface Card as a long serial
word, and then new data is read and assembled in RAM. The first

word of the new data is loaded into the data buffer. At the end
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of this sequence the elapsed time clock is incremented and
execution returned to SER.COM.

The SER.COM word is an infinite loop and may be left only
by hardware reset or powering down. The data interrupt does
periodically interrupt SER.COM but its activity is not affected
by this. SER.COM first looks at the Spacecraft Command Inputs to
determine if there is a valid new command. If there is no new
command, the program simply waits rechecking the Not Sun Present
signal and the incoming comand lines periodically. 1If there is a
valid new command, the word for that command is called. The
specific command words (SCANl, SCAN2, FCAL, ect.) produce a
sequence of actions such as a pattern of steps to the wavelength
motor or a command to the Test Lamp. Between other functions the
microprocessor checks for new incoming commands, if a new valid
incoming command is found, execution of the present command is

stopped, STAD.ST is run, and the new mode sequence started.

3.1.3 Cevelopment

The application portion of the software is burned into 8K
of UV era-able PROM. 1In development, the program is written on
the exterral computer and down-loaded into the RAM through the
RS-232 poit., After all necessary tests and debugging have been
completed, the final flight program is trausmitted up the RS-232
cable, stored on disk, and retransmitted to the PROM burner. The
Flight PROM may then be inserted in the electronics module and
the development RAM removed.

A number of utility words have been added to the Forth

- 163 -

AL




core to facilitate the development process. These down-load and
up-load features assist in burning PROMs and are described in

Section 4.8 Development System.

3.1.4 Ground Testing

The flight instrument may be exercised on the ground
through the RS-232 port if desired. This allows most of the
instrument functions to be tested without the use of the ground
support equipment.

Data transfer may not be fully tested without an
additional CTS card for the development computer and additional

CTS software.

3.1.5 Flight

In flight the software will:

Initiate the System
.1 Set up the Software.
.2 Test for Flight or Development mode.
.3 Initiate Data reading and transmission.

Handle Data ( under interrupt )
.1l Transmit Data to the Spacecraft Interface
Card.
.2 Read Detector Event Counter.
.3 Read Status information.
.4 Assemble the next Data Word.
.5 Increment the elapsed time clock.
Command the Instruments
.1 Receive commands from Spacecraft Interface.
.2 Issue steps to the wavelength motor.
.3 Issue steps to the platform scan motor.
.4 Operate the Test Lamps.
.5 Respond to Sun Presence.
.6 Operate Shutter.
.7 Operate Dust Cover.
.8 Read alli Fiducials.
.9 Operate platform latch,

- 164 -




.18 Coordinate with other instruments

3.2 Input

The microprocessor has available the following inputs:

L]
WO UL WN -

Spacecraft Commands (8)
Fiducial Readings (8)
Data Enable and Data Clock
Detector Counter
Analog Signal Levels (4)
Not Sun Present
Cal Lamp On (1)
Scan Complete In
Development RS-232 port.

(16 Bit)
(1)
(1)

{ Not normally used in flight )

The eight (8) Spacecraft Commands allow the

microprocessor to respond to commands from the spacecraft. The

software must respond to each of these with a sequence of

actions.

The Fiducials give reference marks for moving parts. The

eight (8) fiducials for the primary system are:

Spare
Dust Cover Open

Spare

Wavelength Cam Course

Scan Platform Cam Course

Platform Latch Open

1

2

3
.4 Dust Cover Closed

5

6

7

8 Platform Latch Closed

On the secondary system or primary system without a scan

platform, the Scan Platform and Platform Latch fiducials are also

spare.

The microprocessor
responds with data clocked
microprocessor keeps count

a double precision number,

card senses the Data Enable line and
by the Data Clock. The
of the data interrupts in the form of

and generates an elapsed time to a
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maximum of 2 billion (2 to the 32 power) data periods. This time
information maybe used to start and stop actions during the
command sequences if the data system is running.

The microprocessor may stop, read, and reset a 16 bit
hardware counter for the Detector Pulses.

Three (3) analog signals are buffered in this box and
sent to the Spacecraft Interface Card. One of these, the High
Voltage monitor is read by a digital level sensing circuit so
that the state of the high voltage to the detector may be read.

The Not Sun Present Signal indicates if the instrument is
pointed at the sun (@ level). Emergency action is taken by
hardware, closing the shutter and turning off the high voltage to
the detector. The microprocessor sets an error bit and starts a
time-out counter in software. When the time-out period is over,
the microprocessor resets the protection system.

The Cal Lamp On Signal indicates that the calibration
lamp is on.

The Scan Complete Input indicates that the other
microprocessor card, has completed a major program action.

The Development RS-232 port is used only for development

and debugging software and is not normally used in flight.

3.3 Output

The microprocessor has the following outputs:

Serial Data

Issue Motor Steps

Set Motor Power Level, Step/Hold
Operate Shutter

Operate Cal Lamp

.
U W+
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.6 Scan Complete Out
.7 Not Sun Present Override/Reset

3.3.1 Data

The spacecraft sends a Data Enable Signal and a Data
Clock to the Spacecraft Interface card. This card buffers these
signals and sends them to all Microprocessor Cards. If multiple
microprocessors are present, this card ORs the returning data
signals together, buffers the resulting signal, and sends it to
the spacecraft.

The Data Enable line from the Spacecraft Interface card
initiates the data transfer by firing the 7.5 interrupt of the
microprocessor.

I1f the unit is the Primary microprocessor card then it
immediately issues the latest data word which it has previously
stored in its memory. The data is clocked out by the Data Clock.
If the microprocessor card is a secondary card, it has all zeros
in its data buffer and waits a specified number of Data Clock
Pulses before sending its data. The number of bits it waits is
controlled by a constant (WAIT.BITS) in its program and must be
divisible by eight.

After transmission, the microprocessor reads the count
and assembles the next Data Word. This means that the data sent
was taken most of one data cycle earlier.

The number and meaning of the data bits is described in
Appendix V. The Data Count is the reading from the count
accumulator. The Command Word is one less than the number of the
command currently being executed. The Wavelength is a count of

the number of steps sent to the wavelength motor since the last
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fiducial. The status bits are readings of fiducials and settings
of relays.

The Error Bit is set by the microprocessor whenever it
has difficulties. This bit will be set when:

.1l More than one command Bit is set.

.2 The Data count exceeds 13 bits.

.3 The Not Sun Present signal is active.

( even if it is overridden )

3.3.2 Motors

The microprocessor can issue step commands to the
Wavelength Scan Motor, the Dust Cover Motor, the Platform Scan
Motor, and the Platform Latch Motor. A count of the number of
steps that have been issued since the last fiducial was seen is
kept.

Each of the motors may be commanded to a Step or Hold
power mode.

The microprocessor can command the shutter to close.

Removing this command allows it to open.

3.4 Initiation
Any time the power is turned on, or the Reset button in
the RS-232 development cable is pressed, the following actions

are taken:

The Microprocessor is reset.

The Forth language is initiated.

The Data interrupt is disabled.

Memory is checked for Flight or Development
If in Development then the Monitor is entered.
If in Flight the Autostart program is run.

The Outputs are cleared.

Data Counter is cleared.

Data Taking is enabled.

L L]
>N~

.
~N o v
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.8 COM.SER mode is entered.

The system is then ready to send data and respond to Spacecraft

commands.

The Spacecraft may control this Reset line with a

Normally open relay.
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3.5 Spacecraft Commands

There are eight (8) Spacecraft commands:

1 - scanNi {Wavelength scan 1)

2 - SCAN2 (Wavelength scan 2)

3 - SCAN3 (Wavelength scan 3)

4 - NSP.OV (Not Sun Present Override)
5 - FCAL (Flight Calibration)

6 - STAN.ST (Standard Start Position)
7 - OP.LAT {Open Platform Latch)

8 - SHT.DW {Normal Shut Down)

3.5.1 COMM.SER

In the COM,SER (Command Service) mode, the microprocessor
card checks to see if the Sun Present circuit is tripped and then
reads the Spacecraft Commands.

1f a Spacecraft command is detected, the command is
reread after a short time delay to guard against glitches, and if
the readings are the same the appropriate mode is called.

After a mode sequence is completed execution returns to

the COM.SER mode.

3.5.2 scaNl

The SCAN1 (Wavelength Scan One) Mode is the primary data
taking mode. This mode is started by insuring that the
instrument is in the standard start confiquration with the
wavelength and platform at fiducials. 1If the motors are not at
fiducial then they are stepped there.

Program control then starts executing a chart written in
software for this command. The chart consists of a list of Forth
words which describe specific actions (step to a specified

wavelength, scan platform, etc.). Anything the instrument can
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do can be entered in this chart and the primary effort to prepare
for a specific flight is to edit the chart to a new
configquration.

The elasped number of data periods and the number of
steps issued to each motor from its last fiducial are kept andg
may be used by words in the chart. The step rate of the motors
may be increased during flyback to increase the fraction of time
for data taking.

If the instrument has two microprocessor cards, the Scan
Complete line from the Secondary Microprocessor may be read by
the Primary unit and a Continue Scan signal issued only when both
units have completed a scan. A time-out is included to insure
that this wait does not lock-up the entire system. If there are
two or more Secondary Microprocessors, their Scan Complete
signals are AND'ed on the Spacecraft Communication card so the
Primary will know when all have completed a scan.

The program steps used on the first instrument for SCAN1
were:

Set Platform at fiducial.

Set Wavelenyth at fiducial,

Set Wavelenath to 1356 Angstroms.

Scan Plan 20 degrees, 1/2 complete scan.

Set Wavelength to 1383 Angstroms.

Complete scan.

Set Wavelength at Fiducial.

Run six (6) wavelength Scans while
running one Platform scan.

Check for new command
If none, loop to .3 above.

.« s

. .
O N U W N

O

All units will initially be programmed for these steps

and adjustments can be made when a flight is set.
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3.5.3 SCAN2

SCAN2 ( Wavelength Scan Mode 2) is very like SCAN1l except
that the chart is different. The program steps used on the first
instrument for SCAN2 were:
Set Platform at fiducial.
Set Wavelength at fiducial.
Scan Wavelength

Check for new command.
If none, loop to .3 above.

L ] .
> W

All units will initially be programmed for these steps

and adjustments can be made when a flight is set.

3.5.4 SCAN3

SCAN3 ( Wavelenth Scan Mode 3) again is very like SCAN1
except that the chart is different. The program steps used on
the first instrument for SCAN3 were:
Set Platform to fiducial.
Set Wavelength at fiducial.
Set Platform to 8 degree position.

Set Wavelength at 1551 angstroms
Transmit data and wait for new coummand.

U W N

All units will initially be programmed for these steps

and adjustments can be made when a flight is set.

3.5.5 NSP.OV

NSP.OV (Not Sun Present Override) allows the safety
actions taken by the Sun Present circuit to be overridden in case
the Sun Sensor is defective. The Sun Present circuit is
hardwired to the control of the power of the Integrated Detector

and the Shutter so that the safe mode may be entered without
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action of the microprocessor. The microprocessor overrides this
circuit so that data taking can continue, The error bit is not

reset.

3.5.6 FCAL

FCAL (Flight Calibration Mode) runs a test lamp seguence
while in flight. The instrument is brought to the standard start
condition and execution moves to this command's chart.

The chart is like the one for SCANl but includes commands
to control the Cal lamp, wait for the lamp to warm-up, and close
the Dust Cover.

The platform motor is not stepped and its latch is not
affected.

Upon completion, the test lamp is turned off and the Dust
Cover opened.

The command sequence for FCAL on the first instrument
were as follows:

Test Lamp On

Dust Cover Closed, note state.

High Voltage On, note state.

Set Wavelength to fiducial, note position.
Scan Wavelength five (5) times.

Check Optical Test Indicator

In not On, call error routine, continue.
7 Scan Wavelength five (5) times.

.8 Test Lamp Off

9 Dust cover to orginal state.

.18 High Voltage to orginal state.

.11 Wavelength to orginal position.
.12 Check for new command.

« e e 0
Y U1 W N

All units will be initiilly programmed in this manner and

they may be adjusted when a flight is set.
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3.5.6 STAD.ST

STAD.ST (Standard Start command) sets the instrument into
the configuration for the start of normal operation. This
includes:

.1 Wavelength motor at fiducial.

.2 Dust Cover Open.

.3 Shutter Open.

.4 Cal Lamp OFF.

.5 Not Sun Present circuit Active.

.6 HV power On.

The Scan Platform is not affected.

3.5.7 OP.LAT

OP.LAT (Open Latch command) opens the scan platform latch

and brings the scan platform to its fiducial.

3.5.8 SHT.DW

SHT.DW (Shut Down command) shuts down the instrument in
the normal way. This leaves :

.1 Wavelength at fiducial.

.2 Platform at fiducial.

.3 Shutter open.

.4 Test Lamp off.

.5 Latch closed.

The Not Sun Present Circuit is not affected.

3.6 Master Program Custom Points

The program for the master instrument has the following
special features because it is the master program.
3.6.1 Scan Complete

The Scan Complete lines are used to coordinate the action
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of the two instruments. This serves two functions, to coordinate
the wavelength scans, and to insure that two motors are not
unnecessarily turned on at the same time.

To coordinate wavelength scans, the master unit takes the

following acticn.

Master Scan Complete In Out

.1l Wait for Slave unit g ]

.2 Slave unit ready 1 2
standby state

.3 Start Scan 1 1

A zero on the Master Scan Complete line means that the
slave unit should complete its present action and then wait. A
one means the slave unit can now start the next action.

The waits for the other instrument include a time-out so
that a problem with one instrument does not disable the other.
3.6.2 Motor Delay

To insure that excessive current is not required to run
all the motors in the entire system at once, the Master system
waits until the slave system has had a chance to complete the
following motor actions:

.1l Open Dust Cover

.2 Close Dust Cover

.3 Close Dark Shutter

When any of these actions are required, the master unit
sets its Scan Complete OQut line. This signals the slave unit to
run its motor. When its action is complete, it sets its Scan
Complete Qut line. The master unit then resets its Scan Complete
Out line to zero and runs its motor.

The slave unit takes no action while the platform latch
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is being withdrawn.

3.7 Slave Program Custom Points

The program for the slave instrument, FPS.SCR, has the
following special features because it is the slave program.
3.7.1 Scan Complete

When the slave unit completes a wavelength scan it sets
its Scan Complete Out high. This signals the Master unit. The
slave unit then waits for its Scan Complete In to go high or for
a time-out to run out. The Scan Complete In will indicate that
Master Unit is ready for the slave unit to start its next scan.
3.7.2 Motor Start Delays

To insure that excessive current is not regquired to run
all the motors in the entire system at once, the master unit
waits until the slave system has had a chance to complete the
following motor actions:

.1 Open Dust Cover

.2 Close Dust Cover

.3 Close Dark Shutter

When the slave unit receives a command requiring one of
these actions, it sets its Scan Complete Out line low and waits
for its Scan Complete In line to be set high. It then does the
required action and sets its Scan Complete Qut line high.

The slave unit takes no action while the platform latch

is being withdrawn.

( End of Software Section)
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SOFTWARE DEVELOPMENT SYSTEM

J. T. Riley
02/29/88
File: DEV61l2

INTRODUCTION

Procedures for down-loading the program from the
development computer and for burning UV ROMs are also included.

4.9 Software Development System
The Software Development System is used for the
following functions:
Write flight software.
Debug flight software.
Exercise flight hardware and software.

Change flight software between flights.
Development Documentation.

.
Db W N

It will perform the following activities.

.1 Write software

.2 Write documents.

.3 Store files on disk.

.4 Transmit software to flight microprocessor.

.5 Serve as flight microprocessor terminal

during debugging.

.6 Receive the final flight software from

the flight microprocessor.

.7 Burn the flight PROMs.

One Microprocessor Module is worked on at a time. The
basic flight software is written on the Software Development
System and transmitted over the RS-232 cable to a Microprocessor
Module. There the program goes into temporary RAM. The software
can then be tested one section at a time using the Development
computer, as a terminal. All flight functions, except data

transmision, may be proven on this system without the use of

- 177 -




Ground Support Equipment (GSE).

The flight program is maintained on disk in a separate
IBM PC compatible microcomputer, the Software Development System.
A Forth editor, or other word processing software, is used to
enter and edit the flight program into the development computer
and to save it on disk. Math and logic seccion of the flight
program may be tested and debugged directly on the development
microcomputer.

A utility program ( DW ) is then used to down-load the
flight program into the Flight instrument's development RAM.
After down-loading, the development computer becomes a terminal
for the Flight instrument. The program can then be run and
debugged. When problems are found, the flight instrument is
stopped and the development editor run to fix the problem. This
procedure allows the flight program to be tested in small blocks
and problems are quickly eliminated.

When the program is complete and tested, it is burned
into ROM. Two utility programs, one in the flight instrument (
DUMP ) and one in the development system ( UP ), work together to
first set the Autostart and restart on error flags and then
upload the application program from the development RAM to the
development computer. The program is in the form of ASCII
characters. The development utility stores the program on disk
and retransmits it to the PROM burner.

* The development RAM is then removed, the Flight/Dev
jumper adjusted and the burned ROM installed in the same socket.

The program can then be retested as an autostarting program in
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ROM. The flight program may send status information out the
RS-232 line to the development computer but it will ignore all
incoming characters and cannot be interrupted from the keyboard.
To make interflight changes the same procedure is

followed. The development RAM is re-installed and jumper set.
The flight program is brought on the development computer's
editor and any changes or additions are made. The program is
then down-loaded and tested. When it is properly functioning it

is burned into ROM and the new ROM installed in place of the old.

4.1 Hardware.

To develop the flight software and make changes between
flights, a non-flight Software Development System is used (see
Figure 208). This system consists of the following components:

.1 IBM Compatible PC

.2 Multipurpose card with RS-232 port,

.3 Power Supply

.4 Prom Burner

.5 Printer (optional)

.6 Development Cables

with Reset and RS-232 boxes.
4.1.1 Software Development Computer.

The Software Development Computer is an IBM compatible
portable with a multipurpose card having a RS-232 and printer
port, real time clock, ari 368K of memory. See Figure 20,
Software Development System.

A printer is helpful in software and document development

but not mandatory and is not used in clean areas.

4.1.2 Power Supplies
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The bench power supply provides enough +28 volt power to
run bench tests for the entire instrument. Each instrument
requires a little under 360 milliamps (TBD?2??) and the Platform
motors require an additional 500 milliamp (TBD?22?).

A second small modular power supply is provided for the
RS-232 line. Having this power supply separate allows start up
tests to be run on the main supply.

The bench power supply is not provided under this

contract, but the RS-232 supply is.

4.1.3 PROM Burner.

The PROM burner can be any available unit which can burn
the type of ROMs used in the flight microprocessor cards and talk
to the computer. It is only needed at the end of software
development, after calibration, and after between flight software
editing. It may either have its own card in the computer or
communicate through the RS-232 port. Slight adjustments in
software may be needed to suit a particular burner. Burners
costing as little as $130 will serve this system well,

The PROM burner is not provided under this contract.

4.1.4 Cables

The cables connect the computer, power supplies, and
flight instrument. The main communication cable may be up to 58
ft long if the flight instrument is to be maintained in a
separate clean area.

The flight instrument end of the RS-232 cable terminates
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at the flight instrument end in a small box containing a +-12
Volt to +5 Volt signal level converter so that these components
will not have to be flown. A second small box at the Development
Computer end contains a Reset button and a jack for the RS-232
power supply.

Included in this contract are the long (58 ft)
communications cable with two boxes and power supply, and a short

(5 ft) power cable.

4.2 Set Up
Development or modification of the flight program
requires:

.1 Communication Cable

with Reset Boxe and Power Supply
.2 Power Cable
.3 Bench Power Supply.
.4 PROM Burner

with software
.5 Software Development Computer
.6 Development Utilities

Dw , UP

The development computer is connected to the flight
instrument RS-232 cable. The power supply and Reset box on this
cable independently power the RS-232 converter and allow the
flight system to be reset from the Development Computer.

The RS-232 cable terminates in a small box which is in
turn connected to the flight instrument by a short cable. This
box contains a few components to convert the RS-232 +-12 volt
signals to TTL levels and to optically isolate the two RS-232

signals. Since the power supply return in the Development 3

Computer is connected to the green wire, safty ground, in its
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plug, the optical isollation is necesary to prevent a ground loop
if the instrument supply is also case grounded at one point.
Placing these components in a small development box allows them
to be removed with the development cable and, thereby, not flown.
The RS-232 cable should be less than 58 feet, but can be
long enough to allow the flight instrument to be maintained in a

separate clean room.

4.3 Step By Step
The flight and ground programs may be edited and

re~-entered by the following step by step procedures.

4.4 Editing Programs
1. Make a Copy
First make a copy of the program to be edited under a new
name. This may be done on the original or a new disk. The
original program should not be changed directly but kept for
reference. The copy may be made using the COPY command in
MS-DOS :
A: COPY OLD-NAME.SCR B:NEW-NAME.SCR
Note that the extension .SCR is required by Forth and that on a
new disk the Forth utility set having the extension .COM will be
needed. You should also prepare a bank-up disk for your program,
2. Boot Forth
Boot Forth with the new program.
FORTH NEW-NAME

The Forth initiation display will appear on the monitor. Be sure
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that the program shown in all lower case letters is the program
you wish to edit. If the name is not correct, then the correct
file would not be found. Check your disk and try re-entering the
name by USING NEW-NAME.
3. Enter Editor
EDIT
The editor display will appear on the monitor.

4. Set automatic Date

—

Enter your Initials )
5. Edit a Screen
To edit a particular screen:

E
( Screan Number )

Check the editor section of the Forth documents to see the
various editor commands available.
6. Leave Editor
To leave the editor press Esc twice. The edited program
will automatically be written to disk.
7. Printout
To print out a copy of the entire new program:
# ?SCREENS SHOW
8. Leaving Forth
To leave Forth:

BYE

4.5 Down-Loading the Flight Program

1., Correct Program
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Check that the program you wish to down-load is on the
active disk and the program DW.COM is also on that disk.
2. Check Hardware
Check that the power is on to the flight microprocessor
and that the development cable is attached. The Develpoment RAM
must be installed and the memory switch on the development box in
the RAM setting.
3. Reset Flight Microprocessor
Press the reset button on the RS-232 control box.
4. Set Baud Rate
Set RS-232 Baud rate. This must be redone after power up
or after using any program which effects the COM1 command of the
IBM (some word processors). The program MODE must be available
on the disk in the active drive and may be done as part of the
AUTO.EXE program.
A: MODE COM1:48,N,7,2
5. Down-Load Program
Enter
DW.COM NEW-NAME.,SCR
Note that the extender .SCR must be entered. The monitor screen
will clear and the message "Serial Transmission" appear.
6. Watch for Errors
The program is being transmitted and will appear on the
screen without comments or blank lines. Watch for Error messages
which may mean that there is a mistake in the progranm.

The Error messages are @

Dec Hex
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Msg # 8 or @ Word is not in Dictionary.
Could be a bad number.
Msg # 1 1 Empty Stack.
A Word expected something on stack.
Msg # 4 4 Isn't Unique. Not always a mistake.
Msg # 7 7 Parameter Stack full,
Msg # 12 c Execution only.
Msg # 15 F Protected Dictionary
FORGET improperly used.,
Msg # 17 11 Compilation only, use in definition.
Msg # 18 12 Declare Vocabulary
FORGET improperly used.
Msg # 19 13 Conditional Not paired.
Usually THEN missing.
Msg # 20 14 Definition Not Finished.

Usually ; missing.
Other message numbetrs are not supported and should not appear.
Note the word in which the first error message occurs so
that you can return to the editor and make the correction. If a
word contains an error it will not be entered in the dictionary
and all future references to it will cause additional errors,
Usually you will be able to correct only the first one or two

errors.

4.6 Burning the ROM
To burn a flight program into PROM, follow these steps:

1. Power up the Flight Instrument.

2. Load and test the flight program from development RAM,

3. Disk drive A must have a disk with the utility UP.COM on it
and room to store the flight program in Hex.

4. The PROM burning program must be on the disk in drive A or
drive B. This program is provided with the PROM Burner. The one
used at RSI is a EPROM Writer Card made by ?2?22??2?? and the

program is called UPP512. The steps for using this system are
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given below but may be slightly different for your system.
5. The Universal PROM Program socket box must be connected to
the correct card in the Development Computer.
6. Up~load the program with the command:
UP.COM
Provide the file name with disk and extension when asked.
A:FILE-NAME,TSK
The file will be in executable code and stored in disk in
ASCII.
7. Run the ROM burning program:
B:UPP1S
Your system may have a different name for this program.
8. Select 27C64A at 12.5 volts.
E
5
9. Load program in memory
L
Starting Address = (04040
A:FILE~NAME,.TSK
The extension .TSK is normal for a executable code file.
You may wish to review the file using the Display feature
to be sure that it is not all zeros. 1In a good Forth program
file you should see all but the last letter of each Forth word
your def ined.
10. Copy program to PROM
Place blank 27C64A PROM in correct socket. Besure that
the #1 pin is in the correct location.

C

- 186 -




When the burning is complete the program will indicate
this and that the verification is correct. If the PROM does not
verify correctly, recheck all the steps particullary that the
voltage is right for the chip and that the chip is in the correct
socket.

11. Label PROM

Place a label on the PROM indicating the date and

program. This lable should be readable with the #1 pin down and

to the left.

The PROM is now ready to install in the board in place of

the development RAM,

({ End of Development Section )
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Appendix IV
MEMORY AND I/0 MAPS
FLIGHT INSTRUMENT
JOB 612 SACS

J. T. Riley
04/11/88

File: MAP612
INTRODUCTION

The memory and I/0 are mapped for a 8685 Forth flight
instrument.

1.4 Memory Map
1.1 Memory Block Types
The memory is made up of the following memory blocks:

All numbers are in Hex.

Start End Type Chip Description Chip Select
0399 1FFF PROM 27C64 Forth Core (8K) )
2009 3FFF PROM 27C64 Program (8K) 1 Flight
(Note 1)
2000 3FFF RAM HM6264 Temporary RAM (8K) 1 Dev
(Note 1) \
(remove before flight) :
40090 SOFF RAM 8155H Flight RAM in port (1/4K) 2
6080 60FF RAM 8155H Flight RAM in port (1/4K) 3
8000 8QGFF RAM 8155H Flight RAM in port (1/4K) 4
EPOP EOG@1 UART 8251A UART for RS-232 line 7

Note 1. Either the PROM or RAM may be active during
development but not both. The choice is controlled through a

jumper on the board.
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2.2 Assigned Memory Locations
Individual memory locations having specific designations

defined by hardware or Forth requirements are:

Ada Mnem Description
a699 RSTQ Cold start or Reset vector

(sent to CLD)
pooas RST1 NOT USED (sent to WRM)
p010 RST2 NOT USED (sent to WRM)
9018 RST3 NOT USED (sent to WRM)
0620 RST4 NOT USED (sent to WRM)
0024 TRAP NOT USED (Sent to CLD)
pp28 RSTS5 NOT USED (sent to WRM)
pB2C RST5.5 Incoming RS-232 Character

(sent to RST5.5)
00306 RST6 NOT USED (sent to WRM)
0634 RST6.5 NOT USED (sent to WRM)
p038 RST7 NOT USED (sent to WRM)
B83C RST7.5 Data Interrupt

(sent to DATA vector )
9840 Start of Boot-up Literals (34 bytes)
0062 Start of Core and Assembly words

{(about 8K bytes)
1FFF End of Core space
2000 Vector to flight autostart Word (2 bytes)
2062 Vector to Data Out Word (3 bytes)
2006 20815 FORTH Vocabulary
2018 First Application Word ( HERE at start
of development)
3FFF End of Application Word area (about 8K bytes)

4000 4083 HERE in flight (154 bytes)

Used by Word Buffer, and PAD.
4084 4085 User Area Pointer UP (2 bytes)
4086 40FF User Variables (48 min, 188 bytes allotted)
6000 603F Data Buffer (64 Bytes)
6040 60FF Parameter Stack, S@

(176 min, 192 bytes allotted, grows down)
8000 803F Temporary Input Buffer TIB (64 bytes)
8049 807F KEYIN Buffer KIBUF (68 bytes)
8084 8085 Incoming Char Pointer ICHP ( 2 bytes)
8086 8087 Read Char Pointer RCHP ( 2 bytes)
8088 80FC Return Stack, RP, IN

(48 min, 116 bytes allotted, grows down)
80FE 80FF Return Stack Pointer RPP (2 bytes)
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EQ00
EQd1

2.8 1/0 Map

all chips are 8155H

UART Data register (1 byte)
UART Control and Status Register (1 byte)

(port with RAM and timer/counter).

All numbers are in Hex.
I1/0 ADD Port 1/0 Description
PORT 2 CHIP (Ul@
41 A2 (8) O Data Out (8)
42 B2 (8) 1 Fiducials , or Analog In
1 - Wavelength Cam, course, Fid-#
2 - Wavelength Motor, fine, Fid-#
4 - Dust Cover Open, Fid-1
8 - Dust Cover Closed, Fid-1
18 - Scan Platform Cam, course, Fid-¢
20 -~ Scan Platform Motor, fine, Fid-9
49 - Latch Open, Fid-1
88 -~ Latch Closed, Fid-1
or
Analog In (4), Misc. (4)
1 - Sun Intensity Level 1, l-High
2 - High Voltage Level 1, 1-High
4 - Temperature Level 1, l-High
8 - One of above, Level 2, 1-High
13 ~ Optical Test Sensor, 1-On
28 - Output Data Counter, 1-MOD 8
49 - NOT Sun Present, l-Normal
88 - Scan Complete Input, l-Complete
43 C2 (6) O Miscellanous Output

Timer/counter 2

1 - Data Out Buffer, Pulse to Preload
Data

2 - Fid / Analog Select @-ANALOG/1-FID

4 - Scan Complete, 0-Normal /. 1-Scan
Complete

8 - Spare

18 - Spare

20 - Command Reset, #-hold / 1l-Reset

Data Out counter (/8 Pulses)
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PORT 3 CHIP Ull

61 A3 (8) 1 Data In Low Byte (8)

62 B3 (8) 1I Data In High Byte (8)

63 c3 (6) O 1 - Data In Count Enable @#-Not/l-Enable

2 - Data In Counter Reset f#-Reset/1-Count
Motor Control Lines (4), slow pulse

4 - Step Scan Motor

8 - Step Dust Cover Motor

18 - Step Platform Motor
280 - Step Latch Motor
Timer/counter 3 Not used
PORT 4 CHIP U9
81 A4 (8) I Command In (8)
82 B4 (8) O Relay Controls (8), 918 Pulse, 1 msec.
1l - Spectrometer Motor, Hold
2 - Spectrometer Motor, Step enable
4 - Dust Cover Motor, Hold
8 -~ Dust Cover Motor, Step enable
16 - Platform Motor, Hold
20 - Platform Motor, Step enable
40 - Latch Motor, Hold
80 - Latch Motor, Step enable
83 Cc4 (6) O - Cal Lamp Relay, & - 0ff/ 1 - On

1
2 - Dark Shutter Optical Isolator,
@-0PEN/1-CLOSED
4 - Sun Inhibit Override
@-Inhibit enable/1-DET POWER ON

8 - Sun Not Present Reset ( Pulse - reset
16 - Spare
28 - Spare
Time/counter 4 BUAD Clock ( 16 * BAUD RATE )
1200 BAUD - 192086 Hz., Clk/ 168
4800 BAUD - 76808 Hz., Clk/ 49

9686 BAUD - 1536806 Hz., Clk/ 20
Must be consistent with Core value.

3.8 USER Variables

Off Add Description
00 Not Used
82 Not Used
04 Not Used

Start of Fixed Order Words
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026
08
A
8cC
OE
19
12

16
18
1a
1cC
1H
29
22
24
26
28
2A
2C
2E
30

S8 Address
RO Address
TIB Address
WIDTH (max) of word name
WARNING number of error
FENCE
DP Address
VOC-LINK

End of Fixed Order Words
BLK (Disk word not used)
IN (Disk word not used)
OUT (used by emit)
SCR (disk word not used)
OFFSET (disk word not used)
CONTEXT vo~abulary
CURRENT vocabulary
STATE compiling/executing
BASE of numbers printed
DPL output format
FLD output format
CSP error check
R# (editing not used)
HLD output format

Start of Application USER Variables

First Application USER variable, see Screen # 1
Allot 2 bytes per variable

Last available USER Variable
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Appendix V
DATA BIT IDENTIFICATION

J. T. Riley
83/04/88
Introduction
The data from the instrument is in the form of a large

serial data word. The size of the data word is defined for
likely configurations and the meaning of each bit given.

1.8 Word Length

The length of the data contributed by each microprocessor
module must be divisible by eight. The exact length of the word
and the meaning for each bit in the word is dependent on the
needs of an individual flight. This is set in software by DATAQ@
(screen #34) and by the constant DATA# (screen #2).

The first instrument, a single spectrometer with a scan

platform, used the following bits:

Spectrometer

Count 13
Command 3
Wavelength 19
Status 6
Angle 13
Angle Status 2
Error 1

Total 48

The proposed configurations would then have the following
word lengths.

One Spec without Scan

Count 16
Wavelength 19
Status 6
Command 4
Error 4
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Total 40 5 Bytes
Two Spec. with Scan
Master 40
Scan 16
Slave 49
Total 96 12 Bytes
Four Spec. no Scan
Master 40
Slave 1 40
Slave 2 49
Slave 3 49
Total 169 20 bytes

3.0 Data Timing

The microprocessor outputs data in response to a Data
Enable and Data Clock (see Figure 19). The microprocessor
expects these signals to be at TTL levels but they may be level
shifted or inverted in the Spacecraft Interface module. Note
that the Enable Signal must remain high during all the low to
high transitions of the Data Clock. The Data Clock may be eithef
gated or continuous. The microprocessor provides a new bit on
each low to high transition of the clock and expects the
spacecraft to read the bit just after each high to low.

The first bit of data will be available as soon as the
Enable signal goes high, the Enable low to high transition must
take place after a clock high to low. Similarly, the Enable
signal must end after the last clock low to high and before the
clock can go low t» high again.

The Data Period, being the time between the start of data
transfers, will be set by the spacecraft hardware and maybe any

value between .61 and 1 seconds. If the data period is longer
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than the .81 second used on the first instrument, then additional
Count bits will be needed (up to 16 bits) and the data word must
then be extended. If the Data Period is longer than .l second,
the event counter may fill up and roll over on a bright source
even with the full 16 bits.

The Data Clock rate is also set by the spacecraft and
determines the time required to transfer the data. The total
time require to transfer the data from all the instruments on a
data channel should not exceed 78 of the Data Period or the
system may not have time to execute commands properly. This rate
may be any value between .5 KHz and 128 KHz. 1If the total data
word is long, or the Data Period is short, the higher end of this
range will be needed.

On multiple instrument configurations more than one data
channel can be used to advantage. This will significantly
improve data transfer rates. This feature would be implemented
in hardware on the Spacecraft Interface card.

Software adjustment is necessary to set the Data Period
for a mission (see DAT.EN.R screen 2), but the Data Clock rate

does not affect software.

3.0 RS-232 Communication

A UART is included in the system to implement
communication during development, but can be used for flight
communication at lower rates than the primary data system. Baud
rates of 1200, 4800, and 9600 are easy to establish by adjustment

of the Baud rate number in the Forth Core, but reburning of the
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core is required. A rate of 19.2K Baud is the fastest possible
and 200 Baud is the slowest. Receiving programs for the IBM PC
writen in PC/Forth will have trouble reading at Baud rates above
4808. An AT or a assembly language program can run at the higher
rates.

The input and output signals are at TTL levels of @ and
+5 Volts and must be shifted to either the -12 Volt / + 12 Volt
levels for RS-232 or the complementary # / + 5 Volt levels for
RS-422, During development a small adaptor box is provided in
the Development cable for this shift and for optical isolation.
This box is powered by an external power supply to allow testing
of the Autostart routine with the communication link already
operational. If this communication link is to be used in flight,
appropriate level shifters will be needed on the Spacecraft
Communication Card.

It is possible to modify the software so that flight
commands are received through this communication channel. 1t is
even possible to add additional Forth words to the program in
flight.

If this channel is not used in flight then the UART chip

(8251A) may be removed to save power.
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4.0 Bit Identification

The meaning of each bit of the Data can be set in
software. The total length of Data for each microprocessor must
be divisible by eight to comply with standard word length even if
unchanging filler bits or extra error bits have to be added.
The number of Count Bits and the presents of a scan platform
affect the total number of data bits directly.

The following example shows three (3) configurations.
The first has a data bit pattern identical with the first
engineering instrument, the second is a single instrument with no

platform, and the third has *wo instruments and a platform.

4.1 Spectrometer with Platform.

First Byte

1 Count, low word, bit 1
Count, low word, bit 2
Count, low word, bit 3
Count, low word, bit 4
Count, low word, bit 5
Count, low word, bit 6
Count, low word, bit 7
Count, low word, bit 8

O N UTb W

Second Byte

9 Count, high word, bit 9

19 Count, high word, bit 18

11 Count, high word, bit 11

12 Count, high word, bit 12

13 Count, high word, bit 13, MSB
14 Command word, bit 1

15 Command word, bit 2

16 Command word, bit 3
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Third Byte
17
18
19
29
21
22
23
24

Fourth Byte
25
26

27
28
29
30
31
32

Fifth byte
33
34
35
36
37
38
39
49

Sixth Byte
41
42
43
44
45
46
47
48

Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,

Wavelength,
Wavelength,

Wavelength Fiducial,

low word, bi

low word,

low word, bi

low word,

low word, bi

low word,

low word, bi

low wotd,

1
2
3
bit 4
5
6
7
8

t

bit

t

t

bit

t

bit

high word, bit 9
high word, bit 14, MSB

Cover Status,
Shutter Status,
Test Lamp Status,

High Voltage Status,
Solar Sensor Status

Angle,
Angle,
Angle,
Angle,
Angle,
Angle,
Angle,
Angle,

Angle,
Angle,
Angle,
Angle,
Angle,

Scan Angle Fiducial,

low
low
low
low
low
low
low
low

high
high
high
high
high

word,
word,
word,
word,
word,
word,
word,
word,

word,
word,
word,
word,
word,

Latch Status,
Error Bit,

1
1
1
1
1
1
bit 1,
bit 2
bit 3
bit 4
bit 5
bit 6
bit 7
bit 8
bit 9
bit 10
bit 11
bit 12
bit 13
1
1
1

At fid
Closed
Closed

On

On

Sun Present

fonononow o

LSB

, MSB

At fid

Latched
Error.

This is the data bit definition used in the first

instrument.
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4.2 Spectrometer Alone

First Byte

RO W N

Second Byte
9

10
11
12
13
14
15
16

Third Byte
17
18
19
20
21
22
23
24

Fourth Byte
25
26

27
28
29
30
31
32

Count, low
Count, low
Count, low
Count, low
Count, low
Count, low
Count, low
Count, low

Count, high
Count, high
Count, high
Count, high
Count, high
Count, high
Count, high
Count, high

Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,

Wavelength,
Wavelength,

word,
word,
word,
word,
word,
word,
word,
word,

bit
bit
bit
bit
bit
bit
bit
bit

word, bit
word, bit
word, bit
word, bit
word, bit
word, bit
word, bit
word, bit

low
low
low
low
low
low
low
low

word,
word,
word,
word,
word,
word,
word,
word,

-

WO~ U W

9
10
11
12
13,
14
15
16,

bit
bit
bit
bit
bit
bit
bit
bit

LSB

MSB

LSB

-

DX~ W

high word, bit 9
high word, bit 16, MSB

Wavelength Fiducial.

Cover Statu
Shutter Sta

S,
tus,

Solar Sensor Status
High Voltage Status,
Test Lamp Status,
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Closed
Closed

Sun Present
On
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Fifth Byte

33 Command word, bit 1
34 Command word, bit 2
35 Command word, bit 3
36 Command word, bit 4
37 Error Bit
38 Error Bit
39 Error Bit
40 Error Bit

Compared to the first instrument, the count has been
extended to 16 bits to allow longer integration times. The
Command Word has been moved to the last byte and extended by one
bit so that it can show the exact command number instead of the
command number minus one.

4.2 Dual Spectrometers
Dual spectrometers with a scaning platform controlled by
the master unit.

First Byte
1 Count, low word, bit 1, LSB
2 Count, low word, bit 2
3 Count, low word, bit 3
4 Count, low word, bit 4
5 Count, low word, bit 5
6 Count, low word, bit 6
7 Count, low word, bit 7
8 Count, low word, bit 8
Second Byte
9 Count, high word, bit 9
10 Count, high word, bit 18
11 Count, high word, bit 11
12 Count, high word, bit 12
13 Count, high word, bit 13,
14 Count, high word, bit 14,
15 Count, high word, bit 15,
16 Count, high word, bit 16, MSB
Third Byte
17 Wavelength, low word, bit i, LSB
18 Wavelength, low word, bit 2
19 Wavelength, low word, bit 3
20 Wavelength, low word, bit 4
21 Wavelength, low word, bit 5
22 Wavelength, low word, bit 6
23 Wavelength, low word, bit 7
24 Wavelength, low word, bit 8
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Fourth Byte

25 Wavelength, high word, bit 9
26 Wavelength, high word, bit 16, MSB
27 Wavelength Fiducial. 1 = At fid
28 Cover Status, 1 = Closed
29 Shutter Status, 1 = Closed
30 Solar Sensor Status 1 = Sun Present
31 High Voltage Status, 1 = On
32 Test Lamp Status, 1 = On
Fifth Byte
33 Command word, bit 1
34 Command word, bit 2
35 Command word, bit 3
36 Command word, bit 4
37 Error Bit
38 Error Bit
39 Error Bit
49 Error Bit
Sixth byte
33 Angle, low word, bit 1, LSB
34 Angle, low word, bit 2
35 Angle, low word, bit 3
36 Angle, low word, bit 4
37 Angle, low word, bit 5
38 Angle, low word, bit 6
39 Angle, low word, bit 7
40 Angle, low word, bit 8
Seventh Byte
41 angle, high word, bit 9
42 angle, high word, bit 14
43 Angle, high word, bit 11
44 Angle, high word, bit 12
45 Angle, high word, bit 13, MSB
46 Scan Angle Fiducial, 1 = At fid
47 Latch Status, 1 = Latched
48 Error Bit, 1l = Error.

- 205 -~




Eight Byte Start of Slave Instrument
1 Count, low word, bit 1, LSB
2 Count, low word, bit 2
3 Count, low word, bit 3
4 Count, low word, bit 4
5 Count, low word, bit 5
6 Count, low word, bit 6
7 Count, low word, bit 7
8 Count, low word, bit 8
Ninth Byte
9 Count, high word, bit 9
10 Count, high word, bit 1@
11 Count, high word, bit 11
12 Count, high word, bit 12
13 Count, high word, bit 13
14 Count, high word, bit 14
15 Count, high word, bit 15
16 Count, high word, bit 16, MSB
Tenth Byte
17 Wavelength, low word, bit 1, LSB
18 Wavelength, low word, bit 2
19 Wavelength, low word, bit 3
20 Wavelength, low word, bit 4
21 Wavelength, low word, bit 5
22 Wavelength, low word, bit 6
23 Wavelength, low word, bit 7
24 Wavelength, low word, bit 8
Eleventh Byte
25 Wavelength, high word, bit 9
26 Wavelength, high word, bit 14, MSB
27 Wavelength Fiducial. 1 = At fid
28 Cover Status, 1l = Closed
29 Shutter Status, 1 = Closed
38 Solar Sensor Status 1 = Sun Present
31 High Voltage Status, 1 = On
32 Test Lamp Status, 1l = On
Twelveth Byte
33 Command word, bit 1
34 Command word, bit 2
35 Command word, bit 3
36 Command word, bit 4
37 Error Bit
38 Error Bit
39 Error Bit
44 Error Bit
- 206 -




The count is extended to 16 bits to allow longer
integration times. The Command Word is moved to the last byte
and extended by one bit so that it can show the exact command
number instead of the command number minus one.

The data bit identifications for the two (2) instruments
are identical, but two bytes of platform data have been added to

the master instrument.
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Appendix VI

J. T. Riley
02/11/87
FILE: WORDS85

FORTH CORE VOCABULARY
MICROPROCESSOR 8085

8K CORE

Introduction

The WORDs in the FORTH core are listed and briefly described.

1.0 FORTH

The following words are included in the FORTH Vocabulary.

Flight Words will be added to this vocabulary.

The abbreviation in the stack explanation have the following

meanings:

N N1 ..
D D1 .o
U ol ..
addr
byte
char

F

rem quot
name

1.1 Stack
Word

DUpP
2DUup
-DUP
SWAP
2SWAP
ROT
OVER
DROP

R N

R

number=True but -1 preferred

Duplicate top number
Duplicate Double number
Cup if not zero

Swap top two numbers
Swap doubles

Bring up 3rd number
Copy 2nd to top
Discard top number
Move N to Return Stack
Pop the Return Stack

. 16 bit number
. 32 bit number
. 16 bit unsigned number
memory address
8 bit byte
8 bit ASCII character
Bollean Flag:
#=False, any
oo 16 bit numbers
Naming string
Stack Effect Function
NI -- N1 N1
D1 -~ D1 D1
2 -- @ OR N1 -- N1 N1
N1 N2 -- N2 N1
Dl p2 -- D2 D1
Nl N2 N3 -- N2 N3 N1
N1 N2 -- N1 N2 N1
N ==
-- N
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1.2 Conversion o

HEX -- Set BASE to 16
DECIMAL -- Set BASE to 18

The following number formating words are available but not
normally used by flight programs:

DIGIT # # SIGN # #s HOLD

1.3 Arithmetic

+ N1l N2 ~- N3 Addition

D+ DI D2 -- D3 Double addition

- N1l N2 -- N3 Subtract

D- Dl D2 -- D3 Double Subtraction

* N1 N2 -- N3 Multiply

U* Ul U2 -- U3 Unsigned multiply

M* N1 N2 -- D Multiply with double result

/ N1 N2 -- quot Divide

/MOD N1 N2 -- rem quot Divide leaves rem and quot

MOD N1 N2 -- rem Modulo, remainder

u/ Ul U2 -- U3 Unsigned divide

M/ D N1 -- rem quot Divide leaves rem and quot

M/MOD D N -- rem quot Mixed precision divide

*/ N1 N2 N3 -- N4 N4 = (N1*N2)/N3

* /MOD N1 N2 N3 -- rem quot */ with remainder

M*/ D1 N1 N2 -- D2 Mixed */

2 -- 0 Place @ on stack

1 -- 1 Place 1 on stack

2 -— 2 Place 2 on stack

3 -- 3 Place 3 on stack

4 -- 4 Place 4 on stack

5 -- 5 Place 5 on stack

6 -- 6 Place 6 on stack

7 -— 7 Place 7 on stack

8 -- 8 Place 8 on stack

9 -- 9 Place 9 on stack

1+ N1 -- N2 Increment by 1

2+ N1 -- N2 Increment by 2

1- N1 -- N2 Decrement by 1

2- N1 -- N2 Decrement by 2

2* N1 -- N2 Multiply by 2 fast

4* N1l -~ N2 Multiply by 4 fast

8* N1 ~- N2 Times 8 , high speed

ABS N1 -- N2 Absolute value

DABS D1 -- D2 Double Absolute

MINUS N1 -- N2 Change sign

DMINUS D1 ~-- D2 Change sign double

S-D N -- D Extend sign to double

+- Nl N2 -- N3 Apply sign Nl to N2

D+- Dl D2 -- D3 Apply sign D1 to D2

MIN N1l N2 -- N3 Leave larger number

MAX N1 N2 -- N3 Leave smaller number
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1.4 Logical

AND
OR
XOR
1CcoM

1.5 Comparison

[T~ ]

(]

NOT
D@=

D
D

all
1.6 Memory

@
ca

-

C!
CMOVE
+1
TOGGLE
FILL
BLANKS
D@

D!

N1 N2 -- N3
N1 N2 -- N3
Nl N2 -~ N3
N1 -~ N2
N1 -- F
N1 -- F
Nl N2 -~ F
N1 N2 -- F
Ul g2 -- F
N1l N2 -- F
Fl1 -- F2
D1 -- F
Dl D2 -- F
bl D2 -- F
Dl D2 -~ F

addr -- N
addr -~ byte
N addr --
byte addr --

addrl addr2 len --
N addr --

addr byte --

addr N byte --
addr count -~
addr -- D

D addr --

1.7 Input / Output

KEY
EXPECT
EMIT
TYPE
CR

.ll

D.R

D.

B.
SPACE
SPACES

1.8 Strings

The following

-TRAILING

-~ char
addr count --
char --
addr len --

D fieldwidth --
D -
N -
byte --

N -

WORD
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Bitwise logical AND
Bitwise logical OR
Bitwise exclusive-0OR

One's

True i
True if
True i
True if
True if
True if
Toggle
True i
True i
True if
True if

flags are @ False or -1 True.

Fetch
Fetch
Store
Store
Move B
Add N

Complement

f N1 =
N1 0
f N1 =
N1 N2
Ul U2
N1l N2
Flag
f D1 =
f D1 =
D1 D
D1 D

0
D2

single number

single byte

N at address

byte at address

yte string lo-hi

to number at address

XOR byte at address
Fill memory and byte
Fill with blanks
Fetch Double Number
Store Double Number

Input character from RS-232

Console string input

COUNT

Output
Output
OQutput
Output
Output
Output
Output
Output
Output
Output

NUMBER

character to RS-232
character string

CR LF to RS-232
string to "

right justified
double number RS-232
signed number

byte

one space

N spaces

string words are rarely used in flight programs.




1.9 System
The following system Words are rarely used in flight programs.
LIT EXECUTE SP@ Sp! RP! +ORIGIN S©
RO TIB WIDTH WARNING FENCE DP VOC~LINK
IN ouTt CONTEXT CURRENT STATE BASE DPL
FLD csp HLD HERE LFA CFA NFA
PFA 1Csp PAD ERROR ID. INTERPERT
IMMEDIATE VOCABULARY QuUIT ABORT WARM
COoLD ?ERROR ?COMP ?EXEC ?PAIRS ?CsP -FIND
?STACK BYE MESS BACK LATEST QUERY COMPILE
TRAVERSE
1.16 CONTROL
IF ... F Conditional execution
ELSE ... ( optional )
THEN continue
I ~--— N DO loop index
DO ... 1limit index -- Interative Loop
LOOP
DO ... 1limit index -- Do loop with specified
+LOOP N -- increment N
LEAVE - Jump out of Do loop
BEGIN ... Loop until flag is true
UNTIL F -—
BEGIN ... Loop while flag is true
WHILE ... F --
REPEAT
BEGIN ... Loop forever
AGAIN
1.11 Defining Words
FORTH Makes FORTH vocabulary CONTEXT
ASSEMBLER Makes ASSEMBLER CONTEXT
CONSTANT name value -- Define constant
VARIABLE name -- Create variable
ROM in flight
USER name offset -- Create user variable
RAM in flight
ALLOT N - Allot memory space after HERE
¢! name -~ addr Start colon definition
H End colon definition
' N -- Comma, store N at HERE
CREATE name Build dictionary header
' name ~- addr Tick, leave PFA
SMUDGE Toggle smudge bit
; CODE Switch to Assembly in
middle of colon dif.
[COMPILE] name Force compilation of an
immediate definition
{ Sets Interpret State
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BUILDS
DOES
LITERIAL
DLITERIAL

1.12 UTILITIES

* % ¥ * 4

*

* & % ¥ X ¥ ¥ * *

FORGET name

(

? addr
NOOP

VLIST

DEPTH

.S

EI5.5
EI17.5
E17.55.5
AUTO
DUMP

DUMPHEX

ON
OFF
OPEN
CLOSE

WT N

MSEC N
IRET
DIS.I
BEEP
FLAG N

* Not standard Fig

Forth
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Set Compilation State

Used in defining Words
Used in defining Words
Compile N as literal
Compile D as literal

Forget Words starting

with name
Start comment until )
Output address contents
No operation
List words in dictionary
Number of numbers on stack
Non-destructive stack list

Enable 5.5 Interrupt

Enable 7.5 Interrupt.

Enable 7.5 and 5.5

Run autostart word.

Output entire flight program
(in Executable code.)

Output entire flight program
(in Intel Hex format.)

Put true flag on stack

Put false flag on stack

Put false flag on stack

Put true flag on stack

Short delay

Delay in milliseconds

Return from Forth interrupt

Disable all interrupts

Output ASCII 7 , bell

g or -1
Next Page, NOOP
N




Appendix VII
FORTH ASSEMBLER
8085

JOB 972 SSBUV

J. T. Riley
87/15/87

Introduction

The procedure for writing Forth Code (assembly) words is detailed
for the 8685.

1.8 Code Words

To increase execution speed, Forth words may be written in
assembly language. The definitions of these words starts with CODE
and ends with C; and are written with the help of a small 8685
assembler included in Utility section of the core.

Since this assembler could not follow both Forth syntax and
Intel's 8885 syntax, its structure is a bit of a compromise. Also,
available memory space is limited so not all 8885 instructions are
supported but, if necessary, it is possible to add most of the
missing ones by simply adding the required word to the Forth
vocabulary.

A typical 8085 assembly word would look like this:

ASSEMBLER HEX

CODE P@.25 ( -- N, Read Port 25H )
25 IN ( Read port )
a L MOV { Move to L )
8 H MVI ( Zero high byte )

HPUSH JMP C; ( Put on stack )

FORTH

Note that the parameters, registers and data, come before the
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instruction as is normal for Forth. The first parameter is the source
and the second is the destination which is the opposite of normal
assembly language for the 8085. The pnemonics are, however, standard
for the 8685.

If you are using a Forth editor with screens, Code word
definitions may be continued from one screen to the next with only a
-- (Next Page). Colon definitions must be completed in the same

screen.

2.9 Pnemonics Supported

The following 8885 pnemonics are supported:

8085 Description
Registers
A A A Register, 8 Bits or

PSW and A register, 16 Bits
B B B Register, 8 Bits

or BC register pair, 16 bits
C C C Register, 8 Bits
D D D Register, 8 Bits

or DE register pair, 16 Bits
E E E Register, 8 Bits
H H H Register, 8 Bits

or HL register pair, 16 Bits
L L L Register, 8 Bits
M M Memory addressed by HL contents.
Sp SP Stack Pointer Register, 16 Bits

Address Constants
NEXT Jump for next Forth word

HPUSH Jump for next Forth word and
put HL contents on Stack
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One Instruction Byte, no registers 1MI

RAL
RAR
CMA
EL
DI
RET
PCHL
XCHG
RIM
SIM

One

ADD
SUB
ANA
ORA
CMP

One
INR
DCR
PUSH
POP
INX
DCX
One
aDI
SsuU1
ANI
ORI
XR1

IN
ouT

One

JMP
STA
LDA
SHLD
LHLD
MOV

MVI
LXI

Instruction

reg
reg
reg
reg
reg

Instruction

reg

reg
reg
reg
rp
rp

Instruction
a,data
data
data
data
data

port
port

Instruction

addr
addr
addr
addr
addr
reg2,regl

reg,data
rp,data

RAL Rotate Left Accumulator

RAR Rotate Right Accumulator

CMA Complement the Accumulator

EI Enable Interrupts

DI Disable Interrupts

RET Return from subroutine

PCHL Jump to the memory location in HL
XCHG Exchange the contents of DE and HL
RIM Read Interrupt Mask

SIM Set Interrupt Mask

Byte, 1* Spacing of Registers 2MI

reqg ADD Add 8 bit register to the A register
reg SUB Sub 8 bit register from A register
reg ANA And 8 bit data against A register
reqg ORA And 8 Bit Data with A register

reg CMP Compare register with A register

Byte, 8* Spacing of Registers 3MI

reg INR Increment 8 bit Register

reg DCR Decrement 8 bit Register

reqg PUSH Push register pair on return stack

reg POP Pop register pair from return stack

rp INX Increment 16 bit Register pair

rp DCX Decement 16 Bit Register Pair

Byte, One Data Byte 4MI

data ADI Add 8 bit data to A register
immediate

data SUI Sub 8 bit data from A regiscer
immediate

data ANI AND 8 bit data with A register
immediate

data ORI OR 8 bit data with A register
immediate

data XRI XOR 8 bit data with A register
immediate

port IN Input 8 bits into the A register

port OUT Output 8 bits from A register

Byte, Two Data or Register Bytes 5MI

addr JMP Jump to address

addr STA Store A register in address

addr LDA Load contents of address in A register
addr SHLD Load contents of HL into address

addr LHLD Load address contents into HL reg.

regl reg2 MOV * Move 8 bits between registers or

to memory indicated in HL
data reg MVI * Load 8 bits of data in register.
data rp LXI * Load 16 bit data into register pair.
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* Note order of registers, from the first entry to the second.

Where:
data An Integer number
reg 8 bit register, ( ABCDEWHTL or M) or
rp Register pair, 16 Bits, ( SP A B C H )
addr Address or constant used as an address
port Port address

Missing pnemonics can only be added to the Forth vocabulary.
The ASSEMBLER vocabulary is contained completely in PROM so its length
cannot be changed. The Forth names of the pnemonics must be different
from all other words defined to that point; words in the ASSEMBLER
vocabulary proper can have the same name as a different word in the
Forth vocabulary (IF, ELSE, etc.).

Many of the missing pnemonics can be defined using the
defining words 1MI through 5MI shown in the group headings. The
correct group for a pneumonic can be determined from the reference
below or by finding existing pnemonics with similar features. The
pneumonic's numeric equivalent is also needed.

The BC and SP registers must be preserved across all Forth
words. The words PUSH and POP may be used to get numbers on and off
the parameter stack and need not be used in pairs. The HL register is
normally used to place one parameter on the stack at the end of a

word.

3.8 Conditional Control

Complicated control structures are best handled as several
Forth words, but simple conditional jumps may be included within an
assembly word. The assembler's handling of conditional jumps is
closer to Forth than to a normal 8085 assembler. The IF-ELSE-ENDIF

and BEGIN-UNTIL control structures are supported by conditional words.
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The following words are included:

Conditionals { Compiles )
8= True if equal to Zero ( JNZ )
9 True if greater then Zero ( Jp )
NOT Reverses above conditionals. ( JZ2 or M )

Control Structures

IF Start IF-ENDIF *

ELSE Alternative in IF-ELSE-ENDIF*

ENDIF End of conditional

BEGIN Start of BEGIN-UNTIL *

UNTIL end of BEGIN-UNTIL *

* Not the same word as in the FORTH Vocabulary.

Labeling for these control structures is handled automatically
by the assembler.

The following word reads an I/0 location and outputs a flag to
indicate if the reading is above or below a value held in a constant
(REF.VAL) .

ASSEMBLER HEX
CODE P@25.F ( -- f , Read Port 25 and set Flag )

25 IN ( Read port )
REF.VAL H LXI ( Get reference Value)
L CMP ( Set flags )
g= IF ( Start conditional)
-1 H LXI ( On flag )
ELSE
66 H LXI ( Off flag )
ENDIF

HPUSH JMP C;
FORTH
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Appendix VIII

FORTH REFERENCE

J. T. Riley
84/11/88

Introduction

The following reference materials were used to establish the RSI
Forth flight system and are critical to understanding it.

1.8 Forth Language

The best reference for the general use of the Forth Language
is:

Thinking Forth
Leo Brodie
Prentice-Hall
Englewood Clifs, New Jersey 07632
This book does, however, use PolyForth from Forth Incorporated

and not FigForth, there are some differences, and it avoids machine

specific topics such as interrupts.

2.8 FigForth Core
The Forth core used in RSI systems comes from:
FigForth For 8485
Assembly Source Listing
Release 1.1
Forth Interest Group
P.O. Box 1185
San Carlos, CA 94079

This and all other Forth materials listed herein were obtained

through Mountain View Press below.

3.0 FigForth Core Operation

A detailed explanation of the working of the FigForth core can

be found in:
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System Guide to FigForth

C. H. Ting

Mountain View Press Inc., 1982
(415) 961-414@3

Additional information on Forth System operation, such as

standard error messages, can be found in:

Forth Fundamentals Vol 1
C. Kevin McCabe
Dilithium Press
Beaverton, Oregon 1983

4.9 FigFocth Vocabulary

A detailed explanation of Forth words can be found in the

following references

All About Forth

An Annotated Glossary

Glen B. Haydon

Mountain View Press Inc., 1984

5.0 Assembler

The assembler is a modification of the 8085 Assembler from

Chapter 14 of "Systems Guide to FigForth" by C. H.Ting (3.6 above).

6.6 IBM Forth
The Forth programs which are run on the
are written in:
PC/FORTH
Laboratory Microsystems, Inc.

P.0O. Box 10439
Marina del Rey, CA 98295
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Appendix IX
DUAL SPECTROMETER WITH PLATFORM
JOB 612 HUP2

J. T. Riley
11/23/88

File: DUAL
INTRODUCTION

The specific execusion of the dual spectrometer with platform
are detailed.
1.6 Dual Spectrometer System

The first instrument to use the Forth microprocessors will be
a two spectrometer instrument with scan platform. This instrument
does not unfortunately presently manifested for launch. It is
necessary to build up those portions of the system which will have to
be altered to suit the spacecraft as handbuilt test units. Flight
versions will be built later to suit the mission.
l.1 Hardware Construction Level

The following pieces are being built and cabled for flight:
« Master Spectrometer
« Secondary Spectrometer
Master Microprocessor |

. Secondary Microprocessor
. Platform cabling

1
2
3
4
5
The following pieces are laboratory operation only:

. System Cabling

. Spacecraft Interface Box
. Input Power Filter Box

. +*5 Power Supply

o W

A problem was discovered with the following piece during

development and they were modified. These modified units may not be
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acceptable for flight.

1. Motor Control Box #1
2. Motor Control Box #2
3. Motor Control Box #3

The following components are used for development and testing.
They are not flown.
Data Test Cable '
Power Test Cable

RS-232 Development Cable
. IBM CTS Card

> W N

1.2 Analog Signals
The following analog signals occur in the dual spectrometer '

with platform system:

Signal Micro Spacecraft

1. Det #1 HV Monitor Master (2) Yes
2. Det #1 Temperature no Yes
3. Sun Sensor #1 Intensity no Yes
4. Det #2 HV Monitor Secondary (2) Yes
5. Det #2 Temperature Secondary (1) Yes
6. Plat Pot no Yes
7. System Temperature no Yes
8. Plat Fid position 1 Master (1) no

9. Plat Fid position 2 Master (1) no

18. Spare Secondary (1) no

The 8 and 9 use extra analog inputs to supplement the fiducial

readers.

2.8 Software

The flight programs PRM.SCR and FPS,.SCR are used for this

system,
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Appendix X
MODIFICATIONS BEFORE FLIGHT
FLIGHT INSTRUMENT
JOB 612 SACS

J. T. Riley
81/95/89

File: MOD612.DOC
INTRODUCTION

The modifications and completions to the flight instrument which
will be needed when a flight is defined are laid out.

1.9 Hardware Flight Tailoring
When a specific flight is defined the following considerations
will affect hardware in the system:
. Presence of scan platform.
Number of instruments in system ( 1 to 4 )

Type of Spacecraft Interface.
Physical layout of components.

> W N~
o .

This will affect the following components:

. Spacecraft Interface Box
. System Cabling

. Platform motor driver.

. Power Filter Box.

o w N

Adaptation to most rocket and short term shuttle missions
should not require redesign of other components.

The Spacecraft Interface Box will have to be adapted to the
specific spacecraft. This might mean adding optical isolators or
shifting signal levels., It is also possible to use the RS-232 line
for spacecraft communication, in which case level shifters and line
drivers will be needed as well as software alterations.

An example of the system cabling for a two instrument system

with a scan platform, CLIST.DOC, is included with the document. This
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will need some modification to suit a specific flight.

If there is no platform then no Platform Motor Driver is
needed.

A custom Power Filter Box is needed to match the power noise

isolation requirements of the specific spacecraft.

2.8 Software Flight Tailoring
The software will be affected by the same considerations and
will require adjustment in the following areas:
. Platform Driver.
. Data word length.

. Coordination with multiple instruments.
. Specific flight command response.

> W N

Again this does not represent a redo of the software but only
tailoring for a specific flight.

The software included in the documentation has not been
completely debugged on a flight microprocessor.

If the feature that words may be added in flight is to be
implemented then modifications to the core are needed. These
modifications have been developed but not debugged for other projects.
This will probably be necessary if the RS-232 line is to be use in

flight.

3.0 Hardware Completion

When work on the project was stopped due to loss of a specific
flight opportunity, the following hardware components required
completion or modification.

3.1 Microprocessor Board
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The artwork for this PC board has been completed. We elected
not to have PC boards made because minor changes to tailor to a new
mission would then result in considerable added expense. If no such
changes are made this artwork can be checked, run off on mylar, and
sent out. A box for this board will have to be designed and
fabricated.

3.2 CTS Board

One handbuild copy of the Calibration and Testing System board
for the IBM PC is being held at RSI. An aditional copy will be needed
if this system is to be used for testing the flight instrument.

3.3 Dual Stepper Motor Drive 488-224-0-2

Due to a design oversight this unit does not provide the
needed direction control for one of the motors. This can be corrected
by replacing U5, LS393, with two LS191 up/down counters. This can be
done by adding a small dauther board to the existing units with the
different chips. For high rel operation a new PC board will be
needed.

3.4 Dual Motor Driver 496-224-0-2

Due to a design oversight this unit does not provide the
needed direction control for the stepper motor. This can be corrected
by replacing U5, LS393, with a LS191 up/down counter. This can be
done by adding a small dauther board to the existing unit with the
different chip. For high rel operation a new PC board will be needed.

If the system has no platform, this unit will not be needed.
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Soreen # 6
( & BowE, COMe, C4w JTR 18:39 @&/19/88 )
iz X
SODE RE® (0 -~ B, Read Port B2 )
4 In { Read Port BZ )
AL MoV { LEE 2 = MvI ( MSE )
HBUGH IR Cr: ( Place on stack )
CODT SOm®@ ( -- N, Read Command irout, Poart A4 )

CODE

,.‘"TX
=y

o oat R o

81 N { Read Poyrt £4)
f L MOV { L8R ) A S AV ¢ MSER

HOLER TMa Cr ( Place an stace

e N, Reac Port CH )

Reacd Povit C& )

Lep ) & o= MVI {( MER )
Jlace on ztack )

R e
g -
<

Soreen & 7

¢ 7 DATALR.IOULT L. CeE ., & JTE O 1Ssh6 QE/719588 )
oaTHS, B, OUT { B —-— . Data ayte out, Port 82 )
b 08 LA ROV ¢ Get From Gtaca !}
&1 ouT NZXT Jmp C: ¢ Ous Dort a0

- "'v?')

~apor

Com ¢ - N . Reacd Dovh 2 )

41 AN { Rear Aot o2
&L MoV ( LGB @ oMyl ( ¥WGER

ST i3 IMP O 1 Rlace on sback )

200N e~ . Qutput 2ok )
i a0° fa MoV { Gat From Stack )
41 GUT NEXT w3 Ty Gut Zart OF )

3o, MR, MRE , T4 JTR 18s6l QI/173/88

~

CE3C N -, GuEtput 2art €3 )
- npe L A MOV ( Get From Staci )
63 OuT NEXT Jva C: ( Out Port 3 )
MRON - o Qutput Motor Relay, Port B4 )

- 2GR LA MgV ( Get From Stack )
an ouT NEXT IvD T ( Jut Port B4 )
MRE ( -—- N . Read Peort B4 )
& IN {( Read Bort B4

A L MoV ( 8B ) I SR AV ¢ ( MGE )
HAgH IR Oy { Blace on stack )

Car (B -~ o Outout Port C4 )
i a0r LA MOV { Bet Fyom Stack )
83 auT NEXT MR C: ( Qut Pert T4 )

atoey Microsystems PC/FORTH 3, 0@ 1208 i1@/21/7873 fol.scr
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Soreern # 9
( 2 FIDR , ANAE®E , T.L@® , O.DATA.CE2 JTR 15:29 o2/03/788 )
HEX

: FIDR { -~ N , Read Fiducials )
ce® 2 0GR C&! B2E 3
¢ PANAE ( =- N, Read Analcg Levels )

cz@ @FD AND C2! BIZ@

s TLL® (-~ N, Test rampo Status, @-CFF, T-0n )
ANGRE 1@ AND

: 0.DATA.C® {( —-- N, Cutout Data Counter, B-wnot/8, E@6-/8 )
NGE 22 AND

Soreen # 10
{13 STED.MOT , MOT.WRAIT . WAVE.HAS , RISET JTR 09:48 @Z/25/868
-“ZX
STER. MO7T N-—- Step motor N oownce )
3! IomEEC 2 C3 o

~~

~
e

MOT.WRIT { . Wailt orne motor cveole )
DMOCTLE /0 1d o 1- mgEC g
AV HS { F —— . Wavelenoth motor, 2-Holo, 1-Step)
1 fND I+ MRS
W. RZLAY ™MGET ¢ MR! o«
T RIGET.GLNG P { e o Reset Iun Not Present )

Came DUR 8 AND T4 1w MSIC ( Pulse commard )
C40

IPLAT.HG , DUST.AS . STER. WAVE JTR @9:591 e&/2%/788 )

(1
s X
PLAT. RS ( F == L SBcarn Platform motor, —Hold, 1-Stea)

12 AND 1@ + MR!
W. RELAY MSBEC @ MR! :

s DUST.HS ( F -—— , Dust Cover motor, 2-Hold. 1-8Sten)
4 AND 4 + MR!
We RELAY MSEC @ MR!'

STED., WAVE { N —— . Step Wavelevinpth N steps )
ON WARVE. HS
@ DO 4 STEP.MOT MOT.WAIT
Loae
CFF WAVE,HS

caboratory Micrasystews BC/FORTH 3. Q@ 12:@Q2  le/oi/783 Fpil.scr
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Soreen # 12
( 12 STEP.PLAT , S7TEP. DUST JTR @3:52 d2/95/88 )
s STEPR. BLAT ¢ N —— ., Seran Platform motor N steps )
ON PLAT. HS
@ DO 12 STER.MOT MOT.WALT
Lo0OR
OFF SLAT.HS @
v STER. DUST { N -— . Stepn Dust Cover motor N steos
ON DUBT.HS
@ DO 8 STEP.MZT MOT.WRIT
Loae

OFF DUST.HE 1

SGereen # 13
{13 LATCH. AOW . LATCH.DIR o T.LAME | SHUT J7R 16:1) 23/702/88

LATCOH. 20W 4 Foe— L ateh Motor Power  T--0ON, F-OSF )
4@ AND ¥MRE® HF AND « MR!'
s LATCH.DIR ( F ——= |, iatch Motor Divection T--0PRPEN, F-CLTODE )
82 AnD MR® TE AND @ MR s
T, LAMP ( F =~ , Test iams Command. @a--CFf, T-0N )
AND C4@ FE AND + Ca' 3

1
Y. LANMPE ( - = Test Lamp Indicator. @-0FfF, T-On )
ANABE 1@ AND FLAG
: SuT (¢ & -~ , Bhutter Command, @-Cnern, T-Closed )
2 AND C4@ FD AND + T4t o
: BHUTE ( -~ N, 8tate of Shutter., Q-open. S-closed)

Ca43 2 AND

Soreen ® 14
v 14 S5.CLIe , S.C.0UT 4 D.G.R.L . COM. RS JTR 1(Susd Q1726783

: 5.C.13 ( -~ £ |, Secan Complete ;Inmput, @-No, T-Coamplete )
ANRE AR AND

: 5.C.O0UT ( F -~ ., Scan Combplete QOut, @-Not, T-Compiete )
i@ AND C4@ £F AND + C4! 3

. L ( —— , Data Out Buffer Load. Pulse )
4 Cam -+~ T4 ( Set bit )
C4® FE AND Ca4' 3 ( Clear Bit )

: D.G. B

Coiv. RS { = . Commarnd Reset )
cd C42 +  (C4! ( Set bit )
C4@ DF AND C4' 3 ( Clear BRit )

Lahoratooy Micrasystems PC/FORTH 3. 2@ 12:29 (1@/8:/783 frnl, sor
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Screen # 195
{ 15 WAVE.FID? , PLAT.FID? , DUST.O.FID? JTR 159:53 ¢1/a6/89 )
HEX

: WAVE.FID? ( -— F , At Wavelenagth Fid, T-at fid )
FIDE 3 AND FLAG ( Twa Fids )

: PLAT.FID? { —-—- F , At Platfcoem Fid, T-at fid )
FIDE 32 AND FLAG ; ( Twee Fids )

: DUST.O.FID? ( —-- F , At Dust Caver Opew Ficd, T-Oper)
FID® 4 AND FLAG

: DUST.CLFID? { =—-—- F , At Dust Caver Closed Fid, T-Closed)
Fibe 8 AND FLAG

: LATCH. 0. FID? ( -—- F , At Latch Opew Fid. T-Ocer)
FiD® 4@ AND FLAG &

: LATCH.C.FID? {( == F , At Latch Clased Fid., T-Closed)
FIDE 4a AND FLAG

Screern # 10

{ 16 N, COM? ., BEC JTR 16213 @3/72%/788 )

N, T0M72 (- =, New Command 7?7, T-NEW )

SO
ARES.COM @ = NOT { Does wot chanoe command )

> BIEC N - . wait Seconds )
@ DO ELAP.T D DATALEN.R & @ D+

BEGIN
2DUP TiRAP. T D D= N, COM? OR UNTZL
DRCP DROPD L.O0P

AV (0 - F o, Hich Vaoltage Status @-lcw. T- Goad )
ANAE & AND FLAG

Screen &% 17

{ 17 STEP.WAVE.FID ., STED. PLAT,.FID JTR @3:53 @/@%/788
: BTER.WAVE.FI ( —— . Stepn to Wavelernoth Ficducial !}
TIvME. OQUT
BEGIN 1— DUP WAVE.FID? NOT AND WHILE ( At fid ?
LOSTEPR.WAVE REPREAT DROS ( Steo to fid )
: 8TIB.PLAT.FID { —— , Bteo to Scarn Platform Fiducial )

TIME. QUT
BEGIN 1~ DUP LAT.&ID? NOT AND WHILE ( At fic 7 )
i STER. PLAT REPEAT DROP ¢ Steo to fid )

—aboratory Microsystems AC/FORTH 3, QG 1223 1@¢/21/789 fol.sow
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Screen # 18
( 18 S.DUST.0.FID . S.DUST.C.FID , DusT JTR 1@:24 Q7257868 )

3 S.DUST.CLFID ¢ —-— ., (Opern Dust Cover with time out )
TIME, QUT
BEGIN 1- DUR  DUST.O.FID? NOT AND WHILE
1 STER, DUST REPEAT DROP ( Step to fid )

: S.DUST.C.FID ( —- , CLOSE Dust Cover with time cut )
TIME. OUT
REGIN 1~ DURP DUST.C.FID? NOT AND WHILE
I STER. DUST REPEAT DROP : ( Step to fid )

{ ¥ == , Oper <r Close Dust Cover, T-0Onen )
IF S5.DUST.O0.F1ID
ZLSE  S.DUST.C.FID THEN

Sorean # 13
18

13 WAIT.DATA . CLOBE. LATCH , OBEN.LATCH JTR @9:54 2a/2%/738 )

s WRIT.DARTA ( - Wait for one data out )
TLARLT @ i«
BZEiN D9 f

it

(A3, T 3 = UNTI_ DRCZ
v CL0CEL LATEH { — . Dloze laton )
STEZ. PLAT.FID
0F= _LATCH.DIR SN LRTOR, BOW
BZOIN LATCH,CLHFID? UNTIL

J&F LATCH. POW

CEIN. JATEH ( =, Ozer iatch )
ON LATC-LDIR ON LATCH. 20W
PCGIN LATOH. O.FIDT UNTIL

OFs LATSH, 20W

My

Soraesn i
{ 21

212 SCAN. PLAT. WhVE JTR 13:3539 24/15/88 3

: SCAN, PLAT. WAVE N - . SBcarn Platform anc Wavelengih )
@ DO CoMultiple Scans )
TImME, QUT
BEGIN 1~ DUP PBLAT.FID? NOT AND wHll®
IO8TER. BPLAT ( Step PlatFform )
NAVE/PLAT @ DO ( 5tep Wavelergth )
1 BTER. WAVE WAIT.DATA ( Wait for Data Qut ) W

LQ0OR ( Next dAdaveleroth steo )
RTPEAT DROP { Next Platform steo )
Lonn ( Next Secan )

—arxovatory Microsystems PC/FORTH Z, a2

by
1N

-
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1@r72:/89 fol.sor
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Soreen # 21
{ &1 SCAN. WAVE JTR 1@:11 @2/85/88

: SCANLWAVE (N —-~  , Secarn in Wavelength only )
& DO ( Multiole Scans )
TIME. OUT
BEGIN 1~ DUP WAVE,FID? NOT AND WHILE

I STER.WAVE WAIT.DATEA ¢ Wait for Data Ouce
RERZQT DROP ( Next Wavelength sten
G008 s ( Next Scan )

Soreer: & 2

{ &3 SCTANEg . SCANL PLAT . SAVE., BYS JTR g2l BE/DT/BA
CURANIE { - « L/ Broan of Sdlatform anly 3
PLATED @ DO
i STEP. PLRAT { Sten Rlatform )
WRIT.DATA ( Wait far Data Out |
LO0P { Next Platfors Steo )
ST, /T N - « Scan Blatform anly
2 DO
SCANZ@ SCANZY STED, 2. p7T. 51D
uials)
SAVI, GVvH ( - . Save System state )
WAVE & WAVE, © ANG m ANG.C '

Screer # 23
( £3 SO, O JTR 1&:08 BE/041/88

: COM.CH { ~- N, Chec« for New Command )
NLCOw? Dug I
12 SEC
N. CO™M? 1IF
DROC COME DUR PRES.COM * D, O, B. L
THEN THEN

Labaratory Microesystems PC/FORTH 2. @@ 1&vig 1@/2./789
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Scoreen 4
{ &4 SCAN1

: SCANL ( ~~= ., Scan Mode 1 commanc )
STER. PLAT.FID { Step Alatform
STEB.WAVE.FID
BEGIN ( Start

WAVEL STEP.WAVE ( Steo
SCANZa { Scarn Platform
WRAVEZ STER.WAVE ( Steo
SCANS2 { Searn Platform
STEB.WAVE,  FID ( Step Waveliernth tao
STEZ, PLAT.FID { Steon Platform
1 ZCAN. BLAT.WAVE ( Scan
N. OOm7? UNTIL { CTheck for New
Soreen # 20
25 sCAang

r BCANDT ( - . Scan Moce
STER, A_AT.FID
STEL, WAVELFID

E
o~
BESIN
:

STON. PLAT, WOVE

N, COM? UNT Y
Screen # 26
{ Z6 STANSE
SCeNE ( -— . Scan Moce

STEBR,PLAT.FID
STERP.WAVE. 7ID
WOVER  STED, WOUE
BEGIN

N. COM? UNTIL

LATOTAT Iy

Microsystems PD/F0RTH

JTR 14:00 Q4/12/88

the fiducial

( Step Wavelenogth to fiducial )

Z commang )

( Step Blatfoarm

repetitive scarns )
to Wavelerngth 1 )

i78 cycle )

to Wavelencgth 2 )

178 cyclie )
ficucaial)

to Fiducial)

Blatfoym and wavelerngthl
command )

JTR 1@etli 2Z/25/88

tor Fiducial

{ Step Wavelernpth to Fiducial |

{ Boan

Alatform

and Waveleracth )

( Check for wew Commanc )

command )
Steo

Cren

Wait for

I. e

~ 233

3
{ Bet Platform o
(
)
(

JTR 14:03 D4/ 132/88

Fhaducial

Wavelergth to Fiducial
Wavelerigth to Wave 3 )
new command )

12:1@

1R/21789 ¥

)

A
P2

)
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Scoreen & 27
( &7 SUN? , SUN.CK
t SUNJN.PBE ( —— F

ANP@ 42 AND FLLAG
r SLINT ( —-—- £ ., Sun Present ., 2-Safe, T-Rlarm )
SUN. PE  NOT DUP
IF ELAR.T D& SP.TO D! THEN { Set Time Out
SpB.TO0 D& SR.D @ D+ E€LAB, T DE D)
ar
r SUNLCK { =-— , Close Shutter 1if sun oresent )
SUNT =
NOOR ( Action is automatic )
CL8E
RESET.S.N. 2 ( Reset Surn Not Present )
THEN
Soreern ¢ 28
{ &8 F.v . NGD, OV wWT.oRT, LI JTR 137 /o588
T X
HEERY, (S 2T Hich Violtane T-0ON / Feauto )
I AND 24 ( Sur Mrezent verice Bit 3}
oL8E EROAND T4l THEN
YNGR OV { e « Overvicde Sun Present Command )
ON QN 2, V. F ‘ { Zet Sun Present Overricde Flaco
ON =,V : { Bat Sun Present Cveryide FHit )
s WT.OeaT, 7 i - « Wailt For Uotical Test Irvcicatar )

I
BEZIGIN

JTR

i&

Sun Not Bresent Bit @-Alarm.

ANAE 12 AND N, COM? OR 0 NOT WHILE

SUN, C

Soresn # o9

( 29 FCAL

FITS 972 HER ¢ —
aNe 7. LAMP

SAVE. 5YS
CLCSz DUST

an H. Y

STZP. WAVE. FID

T SCAN. WAVE
Wi, 0BRT, T I

S SCAN. WAVE

CFF T.LAMP

DUsST.C @ Dug

REDERT 3

“Flipmt Calibration Command )

( Test lamo on )

( Remember svstem state
{ Close Dust Cover )

( Force HV an )

{ Step to Wavelength Fad
¢ 5 Wavelerngtn Scans )

( Wait for Optical Test
{ § Wavelienath SBcans )

( Test Lamp OfFf O

T { Returrn Dust Cover )

WAVE.C @ STEP.WAVE 3 ( Retuwrrn Wavelewngth

_anoratorv Miorosystems RBC/FORTH 3.2
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Scoreen # 312
{ 3@ STAND. ST .

: 5TAND. ST (

OP. LAT

JTR

-- , 8Standard Start Configuwation commanc
fiducial )

STER, WAVE., FID ( Step Wavelergth o
5.DUST.G.FID ( Oper Dust cover )
OREN SHUT { Open Shutter )
geEN SHUY.C
OFF T.LAMP ( Test Lamp OFF )
ON H.V ( High voltane ON )

> 09, LAY ( —-- , COpen Latch command )

OPEN. LATCH

Soreen # 3i
{ 31 8-7T.DWW

: SHTL.DW 0 -
STER. WAVE. FID

U
S5T&6, 2L

0REN SHRUT

J92EN SH

D¥E Y.L

CLOGE. -
.

-

T

Screen # 32
( 32 SER.COM.
=X
: SR, C0OM (
BEGIN 1 WH
Com, CK
DUR
pup
Due
DLIP
pur
pLB
puRP

. Normail Shut Do

( Sten
A7.FID ( Sten
{ Joen
ur. oo
A2 { Test
RTOY { Clog

aff hion voltage ?

( Oper Latch )
STER, PLAT.FID ( Step Platform tao

W command

JTR

)

Fiducial )

wavelerpth to

Blat form
Srutter )

_ama of ¥ )
)

e latch

)

ta

I

fiducial !

fiducial )

- . Service incoming commands )

ILE { Inf
( Cet
= IF SCAN1 THEN
= IF SCANZ THEN
IF SCANI TN
= I NSP.0OV THE
19 IF FCAL THEN
20 = IF STAND. ST
4
82 = IF SHT.DW TH

100 R (E R
]

i n

SUN?  STAND. 3T

REPZAT

( Infinite loao )

~abovatary Microsystems PC/FORTH

inite loop

new coammand

N

THEN

IF OP.LAT THEN

EN

3.z
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4
Screen # 33
( JTR 1@:36 Q&/95/886
Screen % 34
{ 34 CT@ JTR 15:459 @&=/13/388
cunE CTe (- N, Read Detectar count. Port AZ, B3 )
a@ A MyI
&3 cuT ( Stoo Count )
61 N ( Read Part A&, LEB D
AL MOy ¢ L8E )
& IN ( Read BRort BE
[ A s1Y « MSE )
200N MyvI
€32 QuT ( Reset Zounter )
i (S AV
63 gur ( Enable Counter
MPUSe IMP Cr { Place an stack )
Screen % 35
( 35 DATA. IN JTR 16:31 @3/0%5/88
: DATALIN ( — , Read new Data, Store at DATA. BUF )
CTE DUP E@2@ AND IF 1 ERR ¢ THEN 1FFF AND  Count )
PRES.COM Zo@ * + DATA. BUF ¢ ¢ Cammand )
WAVE @3FF AND ( Wavelerigth )
WAVE.FID? 412@ AND + ( Wave Fid )
SHUTE 802 AND + { Shutter ) 1
Hy@ 1222 AND + ( High Voltage )
T.LRAMPE  ZQaQ@ AND + { Test Lamp )
HVE 4203 AND + ( High Valtapne )
SUN.N. PE 820@ AND + 2 DATA.BUF + ' ( Sun Not Present
ANG 1FFF AND ( Rlatform Anple )
PLAT.FID?  200@ AND + ( Platform Fid )
LATCH.SID? 42@@ AND + ( Latch Status )

ERR B@ad AND

+ 4 DATA.BUF + ! j

Lacoratory Microasystems PC/FORTH 3. 2@
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Screen # 3G

{ 36 DATAR.OUT , Data handling in Farih

JTR 14:81 Q4/12/88 )

: DATA. guT ( ~— , Data service aon interrupt 7.5 )

DATA# @ DO
BEGIN O.DATA.CE UNTIL

{ Wait for counter )

DATA.BUSF I + C! DATA.B.0UT ( Output data byte )
Lgoe
DATA. IN { Read riew Data )

DATA. BUF & DATA. B. OUT
ELRC, T D@ 1 @ D+ ELARP.T D!
IiRET :

Screen ¥ 37

{ 37 INT7.5

=i X

CODE INT7.95 ¢ - Set uo Faorth

( Prelcad output )

( Ircrement elapnsed time )

( End interrupt )

JTR 1518 d2/13/88

interyupnt 7.5 )

PSS PUSH B PUSH D PUSH H PUSH

RSP LELD H BUSH ( Save
* DATA.CUT CFA 4 iLXI
Qu7e Jma ( NEXTL

far a

Screern # 38

( 38 Imnitiate Irmterrunt 7.35. INIT
HEX
c3 gz C!
' INT?7.5 223 ! {
INIT ( -—- . Initiate Svystem
422 Ho ¢ (
DISs. I I.VvAR I.PORTS
SUN. CK (
12020 MSEC .t FP " CR O«
E17.585.5 ( EI7.59 ) (
SER.COM (
¢ ' OINIT CFR 2ea ! )

{ *®
{ End of Flight Program )

Laboratory Microsystems PC/FORTH 3. 82

Ret wrrn Stack Poirnter )

{ Address of word DATA.CQUT )
Mimic SEXECUTE )

12:53 21/25/89

( IMP command 3}
Upper interrupt Vector )

)
Set irn flight HERZ )
( Imitiate system )
Check Sun Present )
Wait 12 secords. sigwn on )
gEnable Data )
Service incoming Commands )

( Cald Start vectaor )
Set Cald Start Vector before burning PROM % )

1@a/21/89

ige1e

-~ 237 -

)

fpl.scr



Sereen # 39

( Testing only JTR 11397 1&/16/787 )

HEX

420@ HERE — DUP 64 @ */

DECIMAL CR SPACE . ." % " . ." Bytes remaining " CR

Screen & 4%

{ LEAVE %L ANK JTR 15:58 @8/ .@a/87 )
Soveen # 41

Laburatory Microsystems PC/FORTH 3. @0 lg:le 1@/21/83 fpl.sce
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57
S
553
40)
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Ly

-~ e,

dm e o, e s o o

FLIGHT PROGRAM JOB 612
USER VARIAELE
CONSTANT

CONSTANT

1. FORTS

I.VAR

BEE, COME G4
DATA. B. OUT , C
C3' , MR! , MRE , Ch'

9 FIDE , ANAB , T.LE , O.DATA.CE
STER. MOT , MOT.WAIT , WAVE.HS ,
FLAT.HS , DUST.HS , STEF.WAVE

2 STER. PLAT , STER. DUST

LATCH. POW , LATCH.DIR , T.LAME
$.C. 16, S.L.0UT , D.OJB.L , COM.RS
WAVE. FID? , FLAT.FID? , DUST.D.FID?
& N.COM? , SEC

7 STER. WAVE.

cE o, G2t

T~ MO 4 e

FID , STEC.PLAT.FID
S.DUST.OLFID , . DUST.C.FID |

: DUST
2 WALT.0ATA , CLOSE.LATCH |

O BCAN. PLAT. WAVE
1 BCAN. WAVE
i SERNZC , SCANLPLAT , SAVE., 8YS

SCANZO , SCANGPLAT , BAVE. &Y5

INDEX

o L20M, O
4 SLANL
SCANE
o SCANG

a7 SUNT , BUN. CK

S8 HGY ) NSRLOV , WT,O0RT.T.I
c% FCAL

30 STAND. 8T ,
1 SHT. DW
32 SER. COM,

OFOLAT

S4 LTia

35 DATA. IN
36 DATaA.outT ,
37 INTY7.5

38 Initiate
Testing only
LEAVE BLANK

Data bandling in Farth

Intervrupt 7.5, INIT

- 239 -

RESET

SHUT

e, LATCH

JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR

JTiR

JTR
JTR
JTR
JTR
JITR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR

JTR
JTR

135:1&
15:13
1602
15:58
15:09
13:59
15: 33
15:44
1541
15:29
Q948
093351
03:52
16:11
1S5: 44

15:59
16:13
033153
10:24
0154
«

13:59
10:11
IESID 1D

10:11

16188
143500
10:11
14500
1623
10O:37
1037
10357
10:357
1617
1056
15045
1631
14:01
11
18153
11:87
15:58

Q1/70%/689
01705789
03/701/88
01706783
O1/706/89
Q4/12/88
Qz/13/786
0Z/13/88
OF/15/688
Q&/05/788
Gz /05788
QZ/05/88
QL/05/68
0E/05/788
O1/06/8%9
Q1/06/783
05705788
0=/05/88
QzZ/05/68
QAz/05/88
Q4 /17868
Qe /05788
OE/05/7868

QS /0H/80

O%/01 /788
Q4712788
O /05788
04/18788
QE/05/7868
OZ/05/88
O 205 /686
QE/0%5/88
e /05 /B8
3A/01L/788
Q/70GL/88
Q712,08
OE/0G/788
O4,/12/38
O/ 193788
QL/703/8%
1&8/16/87
Qa/10/8/7

e A et e aer e A e A S e N et N M St A N A e S

her et et N e e S e et St e S

R L .



Sere
{ FL

en # @

IGHT PROGRAM MASTER JOR &1&

( LLast change:s

_~ e,

(Y
( J
( R

QAR

ersian 1

. . Riley

87

Screarn # |1
USER VARIARLE
SARTH DEFINITIONS HE X

¢ 1

e U

3A USER

SER ZiLAR. T

3C USER WAVE

U

o

~

SR CRS
N NE LN

44 U

SER

SER H.V.C

46 USER DUST.

48 U
47 U

L

'
U
o -
i _

Scre
(
=HE X
yralrl
82rg
DESI

i

S

#.
&y s T
MRS S U

=

e
Do
-1
D

SER ERR

WAVE. ¢
SER ANG
42 USER ANG. C

-
At

—
[

Screen

PEADIX XTI - MASTER UNIT FLIGHT PROGRAM

2

12:54 @L/705/78% )

Jra
ass JTR 1&:58 @1/a5/83

)}

Mastar unit with olatform )
)

SACS Jah &12 )

8K BROM IART )

)

)

)

Disk: HUPZ  JOK 6i2 OROGRAM )

ARRES. COM

SIR SUN. B, OV.F

SER 32, TO

SN SHEUT.

en # I
CONGTANT

CONSTANT
CONSTANT
MAL
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTRANT
CONSTANT

CONSTANT

CONSTANT

-

DRTA. BUF
RS2

bDATA. ENL R
DATA#
MOT. F

W. RELAY
TINE, QUT
MOT. DEL
WAVE /BLAT
ALAT2ZR

2AUD

ENLGROED %+ CONSTANT

LEnararary Microsystems

JTR 12:57 @1/05/89 )

ZLARPGSED TIME, DP, Data pericods )
Drasent mode command )

Wavelerngth motor steo count )
Wavelencth currentlv covnmanced )
BratFform motor steo count )

Plat form sten commanced )

High Valtage Status commandec )
Dust Cover pasitioarn Commawndes )
Zryror flag )

Sur Present Qverride Flat T-0Over
Sur Present Time Oui, DR )

Shutter Pezitiorn Commanded., T-closed)

P T T T N P

JTR 16:@02 Q@3/721/88 )

( Rddress of data buffer )
( Return Stack Pointer Address )

( Data Enable Rate, Hz )

Numbey of Data Bytes )

Stepper Motor Freguency, Hz )
Lengtn relay pulse, msec )

Count limit for all motors, steps)
Mator Delay , seconds )

Wavelerigth steos per Platform steo)
Platform steos in 2@ Deoress )

o

( BAUD Rate comstant, 49 - 4880 )
SR.D ( Sun Presernt Dwaticon, Dat.&n )

PC/FORTH =, 02 1842 ta/21/7879 fam. ser
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Sareen ¥ 2

2 CONSTANT JTR 1S58 21726783 )

1@ CONSTANT Waved ( Btep for 1356 MAnostroms ) ¢ 727
122 CONSTANT WAVED ( Steo for 1383 Arcstroms ) ¢ 2727)
4 CONSTANT WAVES { Steo for 1551 Arogstrams ) (71277}

Soreen #® 4
{0 T, RORTS JTR

SIDIVBLTR O HTX

£
&
)l

Ri/72€/839

oonnT L. PAORTE { - . Imitiate Ports )
a8 Myt 4s QLT C Timer 20 /8 )
CF 8 My L8 DT ¢ Timer 2 cont Pulses )
CD A vy 4 OUT ( 9Z2-0. Be--I, C&-0 )
TN T R4 QUT { Timer I J1E6384 )
CEOR WYY 655 CUT { Timer 3 cont Pulses )
0oyl e QUT { AZ-1I, BE-I. C3Z-0)
HRUD A myrl 40 QLT ( Timer 4 /BALD )
CPLIS B AV e 0uUT ( Timer 4 Sa wave )
LDoS YD 8¢ auT ( B4-T, B4-0, C4~0 )
NT XTI O
Soreern # £
5 TLVeR JTR 14:84 Q471388 )
=TX

itialize Vari:ables )
! ( Zero Zlapzed Time )

9 1+ 3 DMINUGS SP.TC D! { Bun Present Tiwne OJut )
( Present Command )

f ¢ Evyor flao )

: { High Valtage Command )
{ Evror Flaag )
( 3un Pregent Uverride Flan )

n<:nl7
-0

SUN.D.OV.F !
SHuT.C O g

2
&b
2
@
d
4
&

Laporatory Micrasystems PC/FORTH 3.9 18:9@ 1¢/81/893 fom. s




Soreen # 6

( € B2w@, COME, C40 JTR 15:3% @az/13/788 )
HEZX
COpE BEE ( ~— B, Read Port B2 D)
42 IN ( Read Port B2 )
A L oV { LSE ) 2 H MVI ( MSBR )
“PUSH JM2  C: ( Place an stack )
CoDE COME ( —— N, Read Command inout, Port A4 )
81 IN { Read Port A4)
a . omgv ( LSRR ) g H Myl ( MSE
HA2U8H M3 C: ( Rlace on stack )
CODE C4% { -~ N , Read DPert C4 )
83 IN { Read Port 4 )
a o ppv { .8BR ) & H mMyr { MBEB
HEUGH gMP C: ( Place on stack )
Sureen & 7
{ 7 BATA, B.OUT . Car , & JTR 193144 Q&/513/8688 )
=X
CODE DATAH, B, OUT ( B -~ . Data byte out, Port /&7 )
-4 RC2 LA MmOy { Get Fram Stack )
&L DUT NEXT MDD T ( Ot Bort Q3 )
CCDE C&% ( —~~ N . Read Pori 78 )
44 Y { Read Port CF )
g L MgV ¢ L8R 17, B S R LAV ( MER )
HPUSE ImMP O ( Dlace on stack )
CODT ZE0 N —- , Cutout Port OF )
228 A MOV { Bet From Stack
4L DT NZXT JI¥Pp C: ( Qut Peort C2 )
Screern % 8
{ & C2! , MR' , MRB , C4! JTR Z:41 22/7170/86 )
ZODE C3' (N —— |, Outout Port 3 )
H B2OP L A MOV { Bet Fraom Stack )
&3 0uT NEXT IMB  (C: ( Out Part C3 )
CODD MR (N ~— . Outout Moter Relay, Port B4 )
'~ pOP L A MOV ( Get From Stack )
a2 our NEXT JIvP C: {( Out Port R4 )
CODE ¥RE ( ——~ N , Read Port R4 )
8z IN { Read Paort B4 )
nooL MmOy (¢ _SB ) @ M oMy ( M5B )
HPUSH JME  C: ( Dlace on stack )
ZODT T4 B o=, Cutpout Port C4 )
i ane LA MOV { Bet Fyom Stack )
83 ouT NEXT JMB C: ( Out Port C4 )
~abaratory Yicroasystems PC/FORTH 3. 2@ 12:351 1@/21/82 fom. sor
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Screer # 9

{ 9 FIDR , ANAE , T.LE ,
HEX
: FID® ( -~ N
cam @ OR C&f
: ANAE (- N
ca® @D AND Ca&!
: T.L® { -- N, Test
ANA® 1@ AND :

: D.DATAR.CE ( —— N,
ANAR 22 AND

Soreern # 1D

(1@ S7T&p, v3™

Wiy

STED. M3T (N --
c3! IoMgeEC @ T3

MOT. WRIT

-

MOTLWRAIT  ( -—  , Wait ore motor covele )
I maT.F /0 L o= 1 MSEC ¢
WOVT, G { F —— , Wavelengtn motor, @-Hold, 1-8%

IORND 1+ ¥R

Wwa RZLAY MGED @ MR!
T REGIT.E. NP { = .

C43 DUP 8§ aND T4 !

T4 :

0.DATA. Ci2

Read PAwmalon

Lamp Status,

Jutput Data Counter,

. Steo motor N

JTR 15:E9

Read Fiducials )

BaE

Levels )
oE g

¢--0ff, T-0n )

Z-rnot /8.

WAVE. HS RESET JTR @93;:483

ance )

-
T

Reset Sun Nat Piresent |
i@ MSTC ( Aulse commandc )

Scoreen # L1
(Ll BLAT.HS , DUST.HES , STEC., WAVE JTR 29:51
HEX
OLRT. HE ( F —— L+ Secarn Platferm motor, @-Hold.
12 AND 12 + MR
W. RELAY MQED @ MR!' ;
: DUST.HS ( F —— . Dust Cover matcor, @-Hald, 1-%

4 AND 4 + MR
W. RELAY MSEC @& MR!

: BTED, WAVE (N -—

ON WAVE. HS

@ DO 4 STER.MOT
~goe

355 WAVE.HS 3

Laporatory Micrasystems PC/FORTH 3, Q2 1Sl

Step Wavelenoth N steos )

MOT. WATT

- 243 -
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-/8 )

D/ 2E/08 )

S 0)

Qe/BE/e8 2

1i—-Stepn)
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Screen # 132
( 12 STER.PLAT . STEP,DUST JTR @3:52 d2/25/88 )
1 STEDB, PLAT { N —— ., Scan Platform motoar N steps )
ON PLAT. HS
@ DO 1@ STER.MOT MOT.WALT
.0apP
OFF BLAT.HS
STZ0, DUST (N =—  , Sten Dust Caover motor N steops )
ON DUST. HS
2 DO 8 STEI NMOT mMOT.WAIT
LaGe
OF= DUBT.HS 3
Soveen # 132
{ 13 LATCH.POW . LATCH.DIR . T.LAMPA . GHUT JTR i1&:2:i1 @3/,25/88
P LATCHLPACKW S (5 -, Latch Matar Power  T-ON, F-OFF )
40 anND MRE B AND + MR
: LATCHLDIR ( F ===, Latch Motor Divectiaon T-0PEN, F-CLOSE )
8 AND MRE 75 AND + MR 3
T, _AMP ( F ~— , Test _amp Command, @-0ff, 7T-0ON )
1 AND C4® FE AND + C4t 3
: TLLAMPER | ~- F , Test Lamo Indicator, @-0Fff, T--0On 2
ANAE 12 AND FLAG
SRUT ( F -— , Shutter Command., @-Osen. T-Closed )
Z GOND C4m D AND + C4t 3
T GHITE | —-- N . Btate of Shutteyr, &-opern, Irolosedd)
C4® 7 AND :
Zorgen & 14
C1a S 0. S.C.0UT . DUOVEB.L ., COCMLRSB JTR (E146 9L7RE78D )

C.1@ -~ £, SGran Comolete ;Inout, @-No, T-Complete )
ANAE 82 AND

U F = . SBean Complete Out. @-Not, T-Complete )
1@ AND C4% EF AND + Cat g

0
)

D.0.EB.L ( =-- ., Data Out Buffer lcad, Pulse )
4 Cam  + (4! ( Set hat )
C43 “R AND C4! ( Clear Bit )

: COML RS ( -, Command Reset )

Zd Ca@ + C4! { Set bit )
42 DF AND T4 ( Clear Bit >

Lagoratory Yicrosystems OC/FORTH 5. 2@ 125 l@arsei/783
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L
Soreen # 19
( 15 WAVE.FID? | BLAT.FID? , DUST.O.FID? JTR 15:53 @1/26/89 )
.'.“EX
: WOVEL.FID? ( -~= F | ot Wavelength Fid, T-at id )
FIDE 3 AND FLRAG ( Two Fids )
: PLAT,FID? { —= F . At Blatform Fid, T-at fid )
FIDE 32 AND FLAG ( Two Fids @
: DUST.O.FID? ( —-— F , At Dust Cover Open Ficd, T-Doer)
CIDE 4 AND FLAG &
: DUST.C.FID? ( —-—— & , At Dust Cover Closed Fid, T-Cloged)
FIDE 8 AND FLAG 3
LATSH,. 8.7 1D7 { -— F 4, At Lateh Opern Fid. T=0per)
=IDE 4@ AND FLLAG
LATCR.CLFID? ( -~ F « Pt Laten Closed Fid., T-Closed)
FIDE 4@ AND FLAG 3
Sorean # 1
{ 1€ N.COv?2 | SZC JYR 16313 R23/05/88 )
N, CCm? - . New Commanc 7. T-NTIW )
v
PRED.COM @ = NOT 3 ( Does not change ooamans )
2 DI O N == L Wait SGeconds )
T DO TLAR,T DR ODOTALEN.R & @ D+
BEGIN
COJPR B AR, T Die D= N, COMY? OROUNTIWL
DRZ2 DRGD LCCRE
VRO -= B, mianh Voltage Status d-low., T Hoad ) E
ANOE 2 AND FLRG |
Sureer % 17
117 STEDWAVE.TID . 3TED, 3LAT.FID JTR 27:55 QE/25%/88 )
v STERLWAVEL. FID ( -— , Sten to Wavelenoth Ficucial
TIME,QUT
BEGIN 1— DUP  WAVE.FID? NOT AND  WHILE ( At Fad 7 0
I BTER.WAVE REPDIAT DROZ ( Steo tao fid )
STIRLPLAT.FI ( — , 5SBteo to Scan Platform Fiducial ) d
TIME. QUT
BEGIN 1- DUP  PLAT.FID? NO™ AND WHILEZ ( At fig 7 )
1 STER.P_AT REPEZAT DROP ( Steo to ficd )
Ladboratury Microasystems BC/FORTH 3, @@ 12:3¢  18/&81/789 fom. scr
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S P — —

Scrreen ¥ 18
{( 18 S.DUST.O.FID , S.DUST.C.FID . DUST JTR 1i@:24 Q2/205/68 )

: S.DUST.G.FID  ~—=  , Jpen Dust Cover with time out )
TIimME. OUT
BREGIN 11— DUP DUST.O.FID? NOT AND WHILE
1 STEP.DUST REPEAT DROS ( Step to fic )

+ S5.DUST.C.FID ( -— . CLOSE Dust Caver with time out )
TIME., OUT
REGIN - Du2 DUST,.C.FID? NOT AND WHILE

1 STES, DUST REPEAT DROD & ( Sten t= fie )
« DUST ( 7 == L Ooewn or Close Dust Cover. T-0Oven )
iF 2. DUsST. 2. FID
T8 SLDUST,C.FID THIN
Soveen # 13
19 WeITLDATA . Co08E.LaTCH . ORINLLATER JTR 29:S4 Qs DT/R48
wWETTT,DATE | -~ Wait for owme cata ocut )
S8, T F i+
PZGIN DO 2837 @ = UNTIC DROP
« Liose laton )
fant
s ATCHUDIR On AT, POW
EEGIN JATON, CLTID? O UNTIL
IETOLRTOM, 03N
v CRINL. CATOH ( == , Onen latch
0N LATo-, DIR On LRATIHD B0W

BICIN LATCH.GLFID? UNTIL
0T L ATCH, POW ¢

Sevesr n J@
{ 29 SCAN. SLAT., ARVE JTR i4:2% 947 .2/38 )

: SCAN. PLAT. WAVE ( N -— , Secarn Blatform and Wavelevicth )
2 DD ( Myltiole Scarns )
TImME. QUT
HESIN 1- DUP P_AT,. FID? NOT AND WHILE
I 8TER, PLAT { Gten Platfaorm ) 1
WAVE/P_AT & DO ( Step Wavelernocth )
1 STER. WAVE WARAIT.DATAH ( Wait for Data Qut )

Lao3 ( Next Wavelerinth steo )
REPEAQT DROA ( Next Platform steo )
LoD ( Next Scan )

LAanmratoary Microsysteans. SC/FORTH 5, Q@

]

1Q/72 782 o, sovy

Tt
un
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Screern # 21
{ 21 SCRAN.WAVE JTR 1@:11 22/0%/88 )

: SCONLWAVE (N —— | Gean in Wavelerngth only )
@ b { Multiole Scans )
TImE. QUT

BESIN 1- DUP WAVE.FID? NOT OND WHILE
1 8TED, WRVE WAIT, DATAH ( Wait for Data Gut
REFEAT DRAOR { Next Wavelerngth steo )

_0an ( Next Scarn )

Soraeen ¥ OSF

(&2 SCANEZ , SCON. PLAT |, SAVE, 8Y9 JTR O I@s i 2E/OS/88 0
LANZE (- 1/2 Gean of Blatform only )
F_ATZR ¢ DO
1 8vIn, AT U Steo Platform )
WAIT, DATA C Wait for Data Qut )
-39 ( Next Platfoom b%ea }
TOAN, 2LAT N = Zear D2latform only
¢ DA
SCONIZ STANZG STID, oL 07, 51D
.3ar
T IOV, 0YR ( - » Save System state )
wWOVZ ® WayeE, oo [ANG B ANG, T 0
Coreer, ¥ 3
{23 Cov. K JTR €:28 23/01/88 )
COm, Ci ¢ —=- N, Check for New Command )
N.EOM? Dup  IF
12 SEC
N, COM? IF
DROP COmiE DUR PRES.COM ' D. 0. B. L
THEN THEN
aboratory Microsystems OC/TORTH 3. @@ 1¢:S83 1eas2./873 Fom, sor
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Screen # 24

{ Z4 SCANT JTR 11:53 @3/07/88 ;
1 STANL { ~—=- ., fBran Mode 1 command )
OFF &.C.0uUT ( OFf Scarn Caomolete )

STER. PLAT.FID ( Steo Blatform the fiducial )
STEP. WAVE.FID { Steo Wavelength to fiducial )
BEGSIN ({ Start repetltive scans )
oN GLC. oUT { Set Scar Lomoplete )
WAVEZY STOP. WAVE ( Step to Wavelenpth 1)
STANZY { Secar Platfarm 1/8 cvele )
OFF 8. C. ouUT ( Off Scan Comolete )
~AVED STED, WAVE  { Sten to Wavelenoath 2 )
STANZD { Scan Blatform 1/2 cycle )
STER. WAVELFID { Sten Wavelencth to ficducial)
QYD AT, FID { Steo Rlatform to ficucial)d
v BCGN. PLAT, WRAVE ( Scar Pilatform and Wavelevots)

No TONTOUNTTIL g ( Magter version )
JTR @il QE/2T/788 )
s BCANE (0 ~— . Sean WMode & command
BTEA.2LAT,FID { Bteon Platform to Fiducral )
STIR.WAVE.FID ( Sten Wavelerngth tao Fiducial )
BEDIN
I BCAN, PLAT. WAVE ( Bean Platfoom and Waveienzsth
AL, COM? UNTIL ( Creck for new Commarnd )
Soreaern # 2§
{ 2f SOaNS JTR 1@:io 2o/05/38 0
r SCANE (0 - . Bocan Mode cemmang )

5TEP, PLAT.FID
STZ0, WAVE. FID
WAVIZ  STEP. WAVE
RESIN

AL TOM? UNTIL

Het Rlatfaorm tc Fiducial )
Sten Wavelernth to Fiducail )
Steo Wavelencth to Wave 3
Wait for mew command )

s e~ o~ L

Lanovatoyy Micrasystems PC/FORTH 3., o 12:93 1@/21/789 fom. sor
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Screen # 27

27 SUN? , SUN.CK JTR 16:23 B3/05/88 )
1 BUNJN.PE ( —— F , 8Sun Nat Present Bit 2-Alarm, 1~ Safe )
ANAE 49 AND FLAG j
SUN? ( —-— F , Sun Present , @-Safe, T-Alarm }

SUN. P@ NOT DUPR

IF ELAP.T D@ SP, TO D! THEN { Set Time Qut )
SR.TO DE SP.D @ D+ E£LAR. T D@ D)
OR 3

1 SUN.CK { -—- , Clase Shutter if sun oresent )
SUN?  IF
NQQP ( Action is automatic )
ELSE
RESET.G.N. P { Reset Surn Not Presernt )
THEN 3

oreen ¥ 28

{ 28 H.V + NSP.OV , WT.0PT.T. 1T JTR 14:05 @4/12/88 )
HEY
H.V ( F === |, PTM Hiph Voltage T-0ON / F—auto )
IF C43 4 AND C41 ¢ Burn Present Override Bit )
.80 T4 FBR AND T4 THEN 3

NGV (0 =~ , Override Sun Present Command )
ON SUN.P.OVLF ! ( Set Surn Bresent Override Flag )
OoN oV H ( Set Sun Present Overricde EBit )
ANTLO2T,T. I ( - ., Wait for Optical Test Indicator )
REGIN

ANAE 1@ AND N.COM? OR  NOT WHILE
SUN. CK REPEAT 3

Soreern # 22
{ 29 FCaL JTR 1@:37 Q&/25/8688 )

: FCRAL (¢ -- , Flight Calibrationm Command )
ON T.LAMP ( Test lamp on )
SAVE. SYS ( Remember system state )
C.L08E  DUST ( Close Dust Cover )
OnN Ha V { Force HV an }
STER., WAVE. FID ( Step tou Wavelenrogth Fid )
S SCAN. WAVE ( 5 Wavelength Scans )
WT.0PT.T.I ( Wait for Optical Test Indicator )
S SCAN. WAVE ( S Wavelergth Scans )
OFF T.LAMP ( Test Lamp Off
DUST.C @ DbusT ( Return Dust Cover )
WOVE.C @ STEP.WAVE : ( Return Wavelernogth )

_aboratory Microsystems PC/FORTH 3. @@ 1 i2s/21/83 fom. scr
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Screen # 32

{ 3@ STAND.ST ., 00.LAT JTR 1@:37 2&2/05/68 )
: STAND.ST ( =-- , Standard Start Configuration command )

STER. WAVE.FID ( Steo Wavelenpth to fiducial )

8. DUST.O.FID ( Open Dust cover )

OREN SHUT ( Open Shutter )

GREN gHUT.C ¢

O T, LAMP ( Test Lamp OFF )

ON H.V ( High valtage ON )

.
)

: ORPLLAT ( ——  , Open Latch commandg )
OREN. LATCH ( Open Latch )
STEDL. PILLAT.FID 3 ( Sten Platform to Fiducial

Screen § 31
{ 31 SHT.DW JTR 19237 Qz/25/780
: SHT.DW ¢ ——  , Normal Shuyt Down command

STEP. WAVE. FID
STER. PLAT.FID
OPEN SHUT

QAEN SHUT.C !

Step wavelevgth to fiducialr )
Sten PBlatform to fiducial )
Coer Shutter )

.~ N e

OFF 7, Lemz ( Test Lamo off )
C_OS8E. LATCH { Close latch )

¢ Twen of f hich valtage ?77)

Scoreen # 32

( 3& SER. COM, JTR 1617 @3/01/88 )
HEX
: SER. COM ( -- L Service ivncomirng commands )
BEGIN 1 WHILE ( Infinite loos )
Com. CK ( Get mnew command )
IF SCAN1 THEN

pus
DUs & IF SCANZ TREN
DUR 4 I= SCAN3 THEN
DUP 8 = IF NSPRP.OV THEN

o

DUP 1@ = IF FCAL THEN
DUP 2@ = IF STAND.ST THEN
DUP 42 = IF OB.LAT THEN
80 = IF SHT.DW THEN
SUN?  GTAND. 8T
REFPEAT ( Infinite lccoo )
Labaratory Microsystems PC/FORTH 3. Q0@ i2:34 1@/21/89 fom. scr
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reer # 33

i

S¢
( JTR 12:36 @2/05/80 )

Screen # 34

( 34 CTe JTR @3:1@ @¢3/97/88 )
HTX
SODE CT® ( -- N ., Read Detector count, Port A3, BE )
a A MYz
&3 ouT { Stop Count )
o1 InN { Read Paort A&, LLSE }
1 L MOV { L8R )
& IN ( Read fPort R6 )
a = ¥y { MSR )
& A mMyr
63 ouT { Reset Countey )
. R VI
03 QuT ( Eviable Counter )

HARPUSH JMP O ( Rlace aon stack )

Screen # 35

( 35 DATA. IN JTR 23:16 @3I/27/38 )
: DATALIN ( —— , Read new Data, Store at DATA, BU~ )
CTe DATA. BUF ! Count )

WAVE @3FF AND Wavelernoth )

¢

4
WARVE. FID? 400 AND + ( Wave Fid )
SHUTE®@ 82@ AND + { Shutter )
HviE 1Q2@2 AND + { High Vuoltaoe )
T.LAMPE 22@@ AND + { Test Lamo )
Hy@ 4@ AND + ( High Valtage )
SUN.N. DR 82290 AND + 2 DATA.BUF + ' ( Sur Not Present )
PRES. COM 2000 * + ( Command )
ERROR F@ AND + 4 DATA.RUF + 1 ( Erraor )
ANG 1FFF AND ( Platform Anoplie )
PLAT.FID? 20@3 AND + ( Platform Fia )
LATCH. FID? 4@@0 AND + ( Latch Status )

ERR 8Q@2 AND <+ 5 DATA.BUF + ! 3 ( Ervar )

Laboratory Microsystems PC/FORTH 3. 0@ 1£:54 1@/21/789 o, sor
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Screern # 326

{ 36 DATA.OUT , Data handling iw Forth JTR 14:25 Q4/:i52/88 )
: DARTA, OUT ( -- , Data service orn interyuot 7.5 )
DATA# @ DO
BEGIN O.DATA.CE UNTIL ( Wait for counter )
DATA.RBUF I + C! DATA.B.CUT ( Outout data byte )
LOOP
DATA. IN { Read new Data )
DATA. BUF @ DATA. B. OQUT ( PBrelocad output )
TLAap, T DE I @& D+ ELRAD.T D! ( Irncrement eiaosed time )
IREY =@ ( End interruot )
Scoreen # 37
( 37 INT7.9 JTR 15218 @2/713/788 )
HEX
COPE INTT7.9 ( —— . Set up Forth interruot 7.5 )
PSW DUBH B PUSH D PUSH H DUSH
RS2 LHLD M 9USH ( Save Returrn Stacx Pointer )
T DATR.ZUT CFA o+ LXI ( Address of word DATA. OLIT )
PAa7Tz IMo { NEXTL ., Mimic IXECUTE )
Screern # 30
( 38 Inttiate Interrupnt 7.5, INIT JTR L858 QL/d5%/7,89 )
X
C32 2z C! ( IMB commarnd )
' INT7.S gcans ! ( Upper interruot Vector )
s INIT ( -= 4, Imitiate Svstem )
4249 DB ¢ ( Set in flipht HERE )
DIS.I I.VAR I.PORTS ( Initiate system )
SN, CK Check Sun Present )

1AQ2@ MSEC ." FP " CR
ZI7.585.5 ( EI7.5 )
SER.COM

Wait 12 seconds. sior on )
Evable Data )
Service i1ncoming Commands )

—~ e~ o~ -~

( ' INIT O CFA aedea ' ) ( Cold Start vector )
( ## Set Cold Start Vector before burning PROM *x )
( End of Flight Program )

Laboratory Microsystems PC/FORTH 3. 22 1:

o
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Soreen # 33
{

Testing only JTR 11:57 12/:€/87 )
HEX

4ADP HERE ~ DUP 64 2Q@2 »/

DECIMAL CR SPRCE , v % v , & Bvtes remaining " R

JTR 1%:58 0E/1E/87 )

sereern = 4

-Anoratury Yiorosyotems PO/ SORTE 3. QR 12:55 1G/21/78% fom., mor
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O DONO AP WU~ O

30

25
36
27
58
39
40
4
iale
ik
ol
ke
ke

T e T e N e T T I N = U U . N

e T T T T N i e T e T T

FLIGHT FROGRAM

MASTER

JOR &1

1 USER VARIAELE
& CONSTANT

2 CONSTANT

4 1.FORTS

5 I.VAR

6 E2@, COMB C4E

7 DATA.B.OUT , C&&E , C2!

8 C3!' , MR' , MR¥® , C4!

9 FIDE , ANAE , T.L# , 0.DATA.CE

10 STER.MOT , MOT.WAIT , WAVE.HS , RESET
11 PLAT.HS , DUST.HS , STEF.WAVE

18 STER. PLAT , STER. DUST

13 LATCH. POW , LATCH.DIR , T.LAME , SHUT
i4 S.C.I® , S.C.0UT , D.O.E.L , COM. RS
15 WAVE.FID? , FLAT.FID? , DUST.Q.FID?
16 N.COM? , SEC

17 STER.WAVE.FID , STER.FLAT.FID

18 S.DUST.O.FID , S.DUST.C.FID , DUST

19 WAIT.DATA , CLOSE.LATCH , OFEN.LATCH
20 SCAN. PLAT. WAVE

21 SCAN. WAVE

28 50ANED , SCA

23 COM. CK
SCANT
& CANE
SCANZ
&7 SUNT
28 HoY o,
&9 FCAL
30 STAND. ST ,
SHT. DW
SER. 0OM,

o6
SUN.
NGF. 0

34 CTia
DATA. IN
DATA. OUT

INT7.5

35
36
37
28
Testing only
L.LEAVE BLANHK

N, BLAT

CH
Vo,

OF. LAT

Data handling

Initiate Interrupt 7.5,

SAVE. SYS

WY, OPT. T X

in Forth

INIT
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JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR

JOK
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR

12:54
12:597
16: 02
15:58
109

104

1 33
15:44

141
15:29
03: 48
151
58
111
144

15:59

09:53
1084
09:54
14:0%5
10211
10211

L5 E8
11:53
1011
1012
lesds
14:09
10337
10:37
10:37
16:17
10:36
03:10
09: 16
14:09
15:1&
1e2:58
11:57
15:58

01705789
01/05/789
03701788
01/06789
017067893
04/12/788
Qz/19/88
0z/19/88
Qg /197688
0z/03/88
O2/05/88
NE/05/88
D2/05/88
03/05/88
O1/06/89
01L/06/89
Q3705788
O2/05/788
QZ/05/88
O2/05/88
04712788
02/05/88
Oz/05/88

03/01/768
O3/07/88
OzZ/05/88
OF/05/88
Q3705788
04/12/88
OZ2/0%5/88
O2/05/88
Q2/05/88
03/01/88
Qe/05/88
03707788
035/07/88
O4/12/88
0Oz/19/788
01/05/7893
i2/16/87
oB8/10/87
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Screen # @

{ FLIGHT PROGRAM SECONDARY JOR E12 JTR 1&:5%3 @1/05/89
( Last chance: Screen  A38 JTR 13:12 @A1/7@5/83 )
{ ARDENDIX XIII - SECONDARY FLIGHT PROGRAM 3
¢ Secondary unit without platform )
. )
{ SACS Job 612 3
£ BK DROM UART )
( Version 1.@ )
{J. T. Riley 3
( RGY )

File: FPS.SCR Disk: HUPZ JOER 61  PROGRAM )

Screan # 1
( { USER VARIABLE JTR 13:26 Q1/72%/89 )
TORTH DEFINITIONS HEX

34 USER ELAR.L T ( ELAPSED TimE, DP, Data oericds )
IR OUSER DRES. COM ( Present mode command )
27 UBER WRVE ( waveleragth motor sten count )
3 UBER WAVEI.C { Wavelenpth cuwrently commardec )
{ JlatFform words remaved )
Ha V. C ( High Voltane Status commarded )
DUST. C ( Dust Cover oosition Commanded
TRR { Zyror flao )
SUIN, PLOVLF { Bun Present Override Flat T-Oveyr
398,70 ( Sur FPresernt Tise Cut, D2 )
5-UT.C ¢ Shutter Position Commanded. T-olozed)
( Becondayvy versiar )
Scorvyeen ¥ 2
v 2 CONSTANT JTR 13:07 L/ 25/82 )
X
oAe@ CONSTANT DATA. BUF { Address of data buffer )
e~ CONSTANT RGP ( Return Stack Pointer Address )

DEIZIMAL

1@ CONSTANT DATALEN.R  ( Data Emable Rate, Hz )

S CONSTANT DATA# { Number of Data Bytes )

7 CONSTAONT DATAH. M { Number of Data Dvtes of Master )
12 CONSTANT mOT. & ( Stepper Motor Freaguency, Hz )

1 CONSTANT W. RELAY { Lencth relay pulse, msec )
42  CONSTANT TIME.CUY ( Count limit for all motors, steps)

27 CONSTANT MOT, DEL ( Motor Delay , seconds )

( Platform words removed )

cp CONSTANT BAUD ( BRAUD Rate constant. 4@ - 4802 )

CATR.INL.R E2 » CONSTANT 5P, D ( Sun Present Duwratiorn, Dat.Bn )

s

{ Secovidary version )

cansratory Micrasystiems PBL/S0ORTH 3. 2@ 12:838 1e@rs&81/859 fos.
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Screen # 3

{ T CONSTANT JTR 15:58 @01/06/83 )
DECIMAL

Q@ CONSTANT WAVEL { Step Tor 13596 Argstroms ) ( 227
1283 CONSTANT WAVER { Sten for 1383 Angstroms ) 2927}
140 CONSTANT WAVES ( Stes for 1551 Anpstrams ) 277

Screen ¥ 4
{ & 1.P0ORTS JTR 15:@9 21/@%/6%9

SSZIMILER  HEX

oD I, PDORTS {( -~ L, Initiate Ports )
8 8 Myl a4 QUT ( Timer & /78 )
ca /A ryI 4% QUT { Timer & conmt Pulses )
DA Myl 4@ QUT ¢ pz-g, Rz-1, C2-0 )
TE A MVI g4 QUT { Timer 3 /163284 )
€S A MVl S QuT ( Timer 3 cant Pulses )
oT R MVIO EB@ QuUT { A3-I, -B3-L, CE-0)
BAD & wyi 84 QUT ( Timer 4 /BRAUD
L2 A mMyI 8% ou” { Timer 4 Sg wave )
CE /A myr 83 2UT ( A4-I, B4-(G. Ca4-0 )
NCXT I O
Screen 205
{9 I.vAar JTR 147 2L/ IESB0 )
A ¢

1. VAR ( == .+ Initialize Variadles )

@ @ ELABR. T D! ( Zevo Zlavsed Time )

5A.D @ 1+ 2 DMINUS 5p.TOD D { Bun Present Time Out )
@ PBRIT.CAOWm ¢ { Present Command )

¢ ERR ! ( Eyvror flag )

2 H.V.C ( High Voltage Commandg )

@ ZRR ! ( Evror Flag )

¢ SUN. P.OVLF ! ( Sun Present Cvervide Flag )

2 SHUT.LC ! .

caboratory Microsystems PC/FORTH 3, 00 SIS LQ/21/89 Fos., ser
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Screen # 6
( &6 B2wE, COME, (4@ JTR 1%5:39 o2/71i2/88
HEX
COPE BRE@ ( -— B, Read Port BZ )
4 IN { Read Port B2 )
A L MoV ( LGB ) a H Myl ( MGSR )

HRUSH IMP C: ( Place on stack )

CODE COM@ ( —— N , Read Command input, Port A4 )
a1 IN ( Read Port A4)
A L MOV { LSBE ) 2 H MyI { MSE )
HPUSH MR C; ( Blace an stack )

CODE C4@ ( —~— N , Read PFort C4 )
83 IN ( Read Port 4 )
AL MOV ( LSE » Q= MVI ( MSE )
HPUSH IMB Cy ( Rlace an stack )

Screaern # 7
( 7 DATA.B. JUT , C=z@® , C& JTR OIS 44 PE/13783 )
47X
ZODE DATALR. OUT t B —-— . DPata ovte out. Part Q2 )
B pPaR L 2 rov ( Get From Stack )
45 QuUT NEXT JMB C: ( Dut Port BE )
ZODE Ca&F ( -— N, Reac Port T&
47 InN { Read Purit C&
A L MOV { L8R ) {7 R AV { MSE 3
SRUSH Jwp Cr: ( Place on stack )
Cep= €27 (N =~ , Cutout Port C2 )
- POR L A MOV ( Get Fraom Stacwx )
41 QUT NEXT JIMP 23 ( Qut Dart C2 )
Screen # 8
( 8 C3' . MR! , MR@ , C4' JTR 18:41 275/.3/38 )
CCD=Z C3F! (N -~ , Cutout Port 23 )
5 POR L A MmOV ( Cet Fywom Stack )
&3 ouT NEXT IJMP C: ( Out Port C3 )
CODE MR! (N -— , Output Motor Relay, Gort B4 )
H AR - A& mov { Get From Staci
az our NEXT JwB  C: ( Out Port B4 )
CODE MR® ( -~ N , Read Port B4 )
8 IN ( Reacd Port B4 )
A L Moy ( LSE ) A SR AV S { MSRBR )
HPUSH IMmp C3 ( Place ovn stack )
CODE C4' ( B —- , Output Port Co
H POP L A MOV ( Get From Stack )
82 our NEXT MR C: ( Out Port C4 )
Laboratory Microsystems PC/FORTH 3. Q@2 12:58 12/8:1/89 Fos
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R

Scraeen # 9

{ 9 FIDE , ANAR , T.LG , 0.DATA.CE JTR 15:29 Q2/02/68 )
HEX
: FID@E {( —— N , Read Fiducials )

Cze 2 OR Cca2¢ Bz@

s ANAE ( ——- N , Read fAmnalog Levels )
ca® @FD AND  C2¢ B

]

"
b

: TLL® ( —— N, Test Lamp Status, @-0ff, T-0n )
ANAGE 12 AND

: D.DATA.CR ( -— N, QOutput Data Counter, @—vot/8, 2€¢-/8 )
ANAR Za AND 3

Screern # 1@
{12 STEP. MOT . MOT.WARIT ., WAVE. -8 , REGET JTR 29:48 De/0%788 )
HEX

: STZA.MOT (N —-— ., Biep motor N oonce )
3! LovwsEC 2 CE

o MOT, WO rT ¢ . Wait orme motor oyele )
LoMGT,Y /0 i@ ox - MeZC 3
ARVEL HG {F -~ , HWavelength motor, @0-Holc, -Steo?
I AND i+

MR
W. RZLAY »3ZC @ MR! @

: RESIT.S.N.2 ( = . Reset Surn Not Present )
C4ie DUPRP 8 ohND 4/ 1@ mGEC { Pulse command )
C4' =

Screev, # 11
( 11 DUST.HSG , STEPR. WAVE JTR 1327 Ql/25/83 )
HEZX

( Platfaorm word remaved )

DUST.HS ( & ~~ ., Dust Cover motor, @-Hold. (-8ten)
4 AND 4 + MR
W. RELAY MSEC @ MR ;

v STER, WAVE { N -— , Step Wavelength N stepns )
ON WRVE. HS
@ DO 4 STEP.MOT MOT.WAIT
L.ooe
OFF WAVEL.HS

( Secondary versian )

Labeoratory Microsystems PLC/FDRTH 2. 00 12:89 1@/21789 s, sor
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Screen # 12
{( 1& STEP.DUST

( Blatform word removed )

JTR 13:@7 @1/25/83 )

: STEPR.DUST ¢ N == |, Step Dust Caver mobtor N steps )

ON DUST. HS

@ DO 8 STEP.MOT
Laae

JF= DUST.HS &

MOT.WAIT

( Secondary version )

Soreern # 13
C 13 T.LAMB , T.LAMPE , SHYT s SHUTE

JTR 1Z:28 21/2%/87 )

T TL.LAMp ( F ==, Test Lama Command. @-0Fff., T-0ON )
1 AND C4@ FE AND =+ Ca:'
: T.LANPE { ==~ F , Test Lambd Indicater, @~OFF, T-On }

ANAB {2 AND FLAG

SHUT (5 —— |, Shuttew Command, @-0Open,
Z AND C4@ 7D AND + Ca't

SHUTE - N

{ —
C43 = AND
{ Secancdary varsion )

Scoreer # 14

t 14 G.C.1® . S.C,0UT D.O.E.L Com, RS
: .00 1@ (-~ F

ANAE 8@ AND

.

+ State of Shutter. 2-aper.

-~

Closed )

Z-clozed)

TR LSih4 217068

. Bran Complete jIrput, @-No, T~Complete )

5.C.0UT ( F —— , Seran Complete Out, @-Not, T-Comolete !

1@ AND C43 EF AND + C4 !

- ¢ —=-, Data 0Out Buffer Lcoad,
4 C4Ha -+ (4 ( Set bit )
Cam FR AND C4t ( Clear Rit )

: COMURS ( - 4 Commarnd Reset )

cd C4®  +  C4 ( Set bit )
Caw DT AND Co' ¢ Clear BRit )

-aAnTratory Microsystems I9C/T0TH 3. 29
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Screen # 135
( 15 WAVE.FID? , DUST.0.FID? . DUST.C.TID? JTR 13:88 @1/25/82 )

HEX

: WAVE,FID? {( —- F . At Wavelenpth Fid., T-at fid )
FI1DE@ 3 AND FLAG ; { Two Fids )

: DUST.DO.FID? { —-— F , At Dust Caover Qoen Fid, T-Oper)
TIDR 4 AND FLAG 3

: DUST.C.FID? ( -— F , At Dust Cover Closed Fid, T-Closed)

FIDE 8 AND FLAG

( Platfoorm words removed )

( Secondary version )

Screen ¥ 1&
{ 16 N.Z2O¥Y |, SEC JTR 16:12 @QZ/25/88 )

1 N.Com? « -- F, New Command 7 . 7T-NEZW )
COMm@
PRES. COM B = NOT 3 { Does rot change command

SEC { N -, Wait Secaords )
@ DO ELAP.T DE DRATA.EN.R @ @ D+
REGIN
2DYP ELAR.T D@ D= N.COM? OR UNTIL
DROB DRGS L00F
=V { === F ., Figh Voltape Status @—-low., T Sood )

ANAZ 2 AND SiAG

Secreer. ¥ 17

{ 17 STESLWAVELFID JTR (13:00 ¢1/0%5/8% 3
r BTEL. WAVELFID { -~ . Sten to Wavelenpth Fiducial

TIME. OUT
BEGIN i DUP WAVE.FID? NOT AND WHILZ ( At fac 7 )
1 STEP.WAVE REPEAT DROP : { Sten ta fig !

( Platform woed vemoved )

( Secondary versiarn )

_asoratory Microasystems PC/T0ORTH 3. 2@ 1&8:59  1@/217893 fos, soy
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Screen # 18

{ 18 S.DUST.0.FID , S.DUST.C.FID . DUST JTR 13:28 @1/0%5/89
: S.DUST.O.FID ( =-- |, Opern Dust Caver with time out )
TIME. QUT
BEGIN 1- DUR DUST.O.FID? NDT AND WHILE
1 STER, DUST REPEAT DROR 3 ( Steo to fid )
s SC.DUST.C.FID ¢ —- , CLOSE Dust Cover with time out )
TIME. QUT
BESIN i— DUP DUST.C.FID? NOT AND WHILE
ySTER, DUST REPEQT DROP j; ({ Sten to fid )
: DUST 7 —= ., (Opern or Clcse Dust Caver, T-0Oper )

(
I REGIN S.C.I@ NOT UNTIL S.DUST.C.FID
CL8E  CLDUST.CLFID THEN <

{ Seconcary version )

NE
13 WEIT.DATA JTR 1313 2L/2578% )

+ WAIT.DATAR (- Wait for anme cata out )
TLAP.T @ i+

BEQIN DUD Z.AB, T @ = UNTIL DRCR

{ P2ratform words removed )

( Secondary vercion )

Goreen % 20
! JTR 13:23 Qi/25/5793 )

{ RBlat form worc removec )

( Secondary versiorn )

—agoratary Micraosystems PC/FOXITH 3. Q@ 1Z:2@ 1@/21/7873 fos, scr
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Screen # 21

( &1 SCAN.WAVE JTR 1@:11 @02/25/88 )
SCAN.WAVE (N —-- , Scan in Wavelength aonly )
@2 DD ( Multiple Scans )
TIME. OUT

BEGIN i— DUP WAVE.FID? NOT AND WHILE
1 STER.WAVE WAIT.DATA ( Wait for Data Qut )

REPEAT DROP ( Next Wavelenoth step )
LgopP g ( Next Scan )
Soreen # 232
{ &2 SAVE.SYS JTR 13:09 R1/@5/89 )

( Slatform words removed !

SAVE. 5Y8 ( - » Save System stete )
WAVE @ WAVE.D ! OGNG @ ANG.C ! g

( Secorndary versiorn )

Screen # 23
( &3 COM.CK JTR 1&€:28 @2/281./788 )
camM.c«x ( ~= N ., Check for New Command )
N. COM?  DUP IF
1@ SeEC

N. COm? IF
DROP CCMm@é DUP PRES.COM ! D.O.R..
THEN THEN 3

Lanocratory Microsystems PC/FORTH 3, @@ i3:00 1@/21/83 fos. sor
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Screen # 24

( 24 SCANI JTR 13:29 @1/25/89 )

: SCAN1 { ~—— 4 Scan Mode 1 command )
STER. WAVE. FID ( Step Wavelength ta fiducial )
REGIN ( Start repetltive scans )
BEGIN S.C.I@ NOT UNTIL ( Wait for Scar Complete )
aFf 8. C. ouT ( Reset S.C.0UT )
WAVELl STEP. WAVE ( Step to Wavelewnoth 1 )
WAVER STERP.WAVE ( Step to Wavelength 2 )
STER.WAVE. FID { Step Wavelergth tao fiducial)
1 SCAN. WAavVE ( Scarn Platform and Wavelevgth)
ON 8. C.0uT { Set 5.C.0ut )
N.COM? UNTIL ( Check for New command )

( Secondary version )

Screen # 2%
{( 29 [CANZ

it

JTR 13:@¢3 @1/25/783 )

: BCAN2 ( —-—- , Sean Mode 2 command )
STEP. WAVE. FID { Step Wavelength to Fiducial
BEGIN
BEGIN S.C. I%® NOT UNTIL ( Wait for Scan Complete )
ore 8. C.ouT ( Reset &.C.0UT )
i SCAN. WAVE { Scan Wavaelength )
ON 8. C.0UT ( Set 8.C.0ut )

N, COm? UNTIL { Chneck for new Commarnd )

{ Secondary versior )

Screen # 26
{ 2& 8CANS JTR 132:@%3 ¢1/25/83 )
SCANE ( -- ., SBecan Mode 3 cammand )
oNn 5. C.0UT ( Set S5.C.0ut )
BEGIN S.C. I@ NOT UNTIL ( Wait for Scam Complete )
OFfF &.C.0ur { Reset S.C.0UT )
STEB.WAVE.FID ( Step Waveiernoth to Fiducial )
WAVEZ STEPR. WAVE ( Sten Wavelerngth to ‘Wave 3 )

BEGIN ( Wait for new command )
N.COM? UNTIL

( Secondary version )

Lanoratory Yicrosystems SC/F0ORTH 2. @ 13 1Qr21/8° fos. s
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Screen # 27

{ 27 SUN? , SUN.CK JTR 163123 03/985/88 )

3 SUNJNLP@® ( — F , Sun Not Present Bit @-Alarm, 1- Safe )
ANAR 42 AND FLALG 3

1 SUN? ( ~- F , Sun Present , @-8afe, T-Alarm )

SUN. PE NOT DUP
IF ELAP.T DR SR, TO D! THEN ( Set Time Out )
88.7TC D@ 8P.D @ D+ ELAB. T DB D)

aRrR 3
r SUNLCK ( == 4, Cloge Shutter if sun oresent )
SUN?  IF
NOQR { Actian is auwtomatic )
CLSE
RESEZT.S5.NL P ( Reset Sun Mot Present )
THEN
Soresn ® 28
188 RoV , NBPLOV , WY, 0RT, T, 1 JTR 14207 Q6/23/88 )
ey :
.V ( F ===, PTM High Voltage T-0ON / F-autc )
I C4B & AND (C4! ( Surn Present Override Bit )
ZL8T C4@ FR AND 6! THEN 3
NSR, OV { - . Overvice Sun regent Cammandg )
ONn BUNL ROV F { Set Sur Present Override Tlao )
ON K.V : ( Set Sun Present Overrice Hit )
r WYL,0PT,TLI { - s Wait for Ontical Test Iindicator
BEGIN
ANRE 12 AND NLCOM? OR NOT WHILE
SUN.CK REPEAT
Soreen # 293
{29 FCAL JTR 1@:37 dF/25/7885 )
B R G lignt Calibration Command )
ON T.i.QamMp ( Test lawmp on )

CAVE. B¥E
gc.ose pusT

( Remember system state )

( Close Dust Cover )

N H. V ( Fovrce HY an )

STEP.WAVZ, FID ( Steo to Wavelerngth Fid )

S SCAN. WAVE ( S Wavelength Scans

WT.O0PT,T. I { Wait for Qotical Test “wdicator )
S SCAN. WAVE ( S Wavelength Scans )

OFF T.LAMP ( Test Lamop OFF )

DuUsYT.C @ DUST ( Returrn Dust Caver )

WAVE.C @ STEP.WAVE 3 ( Retwrn Wavelewngih )

~ar2aratory Microsystems PC/FORUTH 3. 22 1312 1@a/c1/789 fag, sor
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Screen # 30
( 32 STAND.ST JTR 13:10 @1/@5/868% )

: 8TAND.ST ( ~— , SBtasndard Start Configpuration command )
STEP. WAVE. FID ( Steo Wavelewnagth to fiducial »

S.DUST.O.FID ( Open Dust cover )
OREN SHUT ( Open Shutter )
OPEN SHUT.C ¢

OFF T.LAMP { Test Lamp OFf )
ON AoV ( High voltapge ON )

( Flatform woerd vemoved )

{ Secondary versiarn )

{ 31 S~7.DW JTR 1448 @3/25/788 )

: 547 .DW ( =- Normal Shat Down cammanc )
STER.WAVE.ECID ( Sten wavelength to fiducnal )
CPEN SHUT { Opern Shutter )
OpSN SHUT, o
oFF T.LAMP Test Lamn ofF )
CLOSE., LATlm { Ciose latch )

-

C Turn off hign valtage 777)

Soreen # 32

( 32 SER,COM, JTR 1312 QL/25/83 )
HEX
: SER. COM ( =-— , Service incoming commands )
BEGIN 1 WHILE ( Infinite loon )
Z0mM. CK { Get rew command )

DU2 1 = IF SCANI THEN
pUP 2 = IF SCANEZ THEN
DU 4 IF SCANI TRREN
DUP 8 = IF NGP.OV THEN
DUD 1@ = IF FCAL THEN

pUS ZP = IF STAND.ST THEN
82 = IF SHT.DW THEN
SUN?  STAND. ST
REDZAT 3 ( Infinite loop )

( Secovidary versiar )

3]

_anoratory Microsystems PC/FORTH 3. Q2 13:21 1e/21/7872 fog., s
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Soreer, # 33
{ JTR L2:36 Qo/RE/86

Ny
&/ Myl

— vy M
{ i

Jui
L a mMyr

G auT { Evianle Dounter )
A0UBH WD Cr ( Blace on stack )

M5B )

Soreen # 324
{ 34 CVE JTR 14 BE/ 25788 )
X
DT ST (e N, Read Detector count. Jot A3, BE O
AB = B AV
o3 auT ( Ston Tount )
E in { Reau Port A&, LBE )
] - hANAYS ( L8R D)
&Z N ( Read “oys RE
A {

{ Regset Dounter )

JTR 1Z3:1@ CL/7@5/73%3 )
==, Read new Data, Store at DATA, BUF )
DRATA, BJF ( Caunt )
( Wavelenghtn )
( Wave Fid )
{ Shutter
{
(
(

AND
NE aa¢ Aand
HYB VDR AND
T.LAYMDE ZAgd aND Test amo
=\ 40 GRD igh Voltaae
SUNJN, B3 322 AND « 2 DeYALRUF + (St Not Ovegerndt
ARES, COM ZQdd x + L0
TRIOR F 2ND + 4 DATA, BUE + (

A
’
~rgh Valtage )
A}
/

o+ o+ o+ 4

+

prang

~
4

( Secongary verziarn )

sratory Yicrosystems PC/50ORTH 3, 792 23
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{ 36 DATA.2U™ L Data handiinog v Forth JTROLET LD DL/RE/DT
DETAL QU™ ( e Data service on irnterrunt 7.9 3

YTALTE UNTIL ( Walt Master Data !

{ wWalt For couwrar )
" 3

S S ey

<

new Dasa )

ettt )

VoSecovigary vers .oy

Ly <4

e sy s
VARG LTE

i - =

vyterrunt TL500)
- D e
e i he

- x e T el
To 5. INT JER g 3
LOOMD commars o
Al O CouToer Lntacrapt beotos O
N . == . Arntuiaty System )
dppg DD ( Saev 1w Tlaon ¥
\

DrR. I IUVAR 1L RORTS f Irtiate syst
ChecH Sun 2resent
SEC LOFED DR ( Wart 11”2 seconds, L300 0v
S8 ZIT7.% ) { Emable Deta )
( Servaice ircomine Oommancs

o~

’ S I e a0y o Celd Start vecotoe )
toxx HGer Coio Start Veotor before bHurrnang PRIV *+#x )

e pam gt oy i~ - o .y e - ey e
cmetayy Tlanht Sracean )




Screen # 35
( Testirmg only

LPR z - DUP
DTCIMAL ©X SPACT

B PR UV

g4 Q0@ %/

“ H
. %

i

stems 2L0/EORT:

'
i

Bytec

3. a0

remaining

P
B

LR
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FLIGHT FROGRAM SECONDARY JOR 612

USER VARIAELE
CONSTANT
CONSTANT
1.PORTS

I.VAR

B2E, COME (4@
DATA. B. OUT ,
C3t , MR! , MR
FIDE , ANAG ,
STER. MOT
DUST.HS ,

GNP M

18 STEP. DUST
13 T.LAME
14 S.C0.IF , S.C.

WAVE.FID?

e NLCOM? , SEC
17 STEF.WAVE.FID

S.DUST.O.FID
WAIT.DATA

SCAN. WAVE

S8 SAVE. 8YS

3 COM. CK
SCANT
SCANE
26 SCAND
27 GUNY
20 H.Y o,
&9 FCAL

SUN, C
N&E. OV

S0 STANL. ST
31 SHT. DW
38 SER.COM,

Cma

A5 DATA. IN
pDATA. OUT ,
37 INT7.5
28
Testing only
LEAVE RBLAMK

Cig

®

T.L@

T. LAMEE

ouT

[ .

K

cat

C4!

L

MOT. WATT
STER. WAVE
, SHUT
, D.OE.L ,
DUST. 0. FID?

L DUsST.C.FID

0. DATA. Cia
, WAVE.HS ,

SHUT®

DUST

y WT.ORT.T.I

Data handling

Initiate Interrupt 7.3,

irv Forth

INTT
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COoM. RE
DUST. C.FID?

JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR

JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR

12:54 01705789
13:06 01/05/83
13:07 017056789
15:58 01706789
15:09 01/06/89
14:07 O04/12/88
15:39 02/193/88
15:44 02/i9/68
15:41 02/713/88
15:89 02/03/88
09:48 02/05/88
13:07 01/05/789
J:07 01/05/789
13:08 01/05/89
15:44 01/06/89
13:08 01/05/789
16:13 03705788
13:08 01/05/789
13:08 01/05/89
13:09 01/05/789
13:09 01/05/89
10211 O2/05/88
13:03 01705789

16

13
13

13

16:

14
10
13
14
13

10
14:
AR AN

13

15:

13:

11

o8
109
09
103
=3
107
1 57
110
146
110
26

(=]
L L

210

13
157

3158

QZ/01/788
OL/05/789
O1/70%5/89
01705789
Q5/05/788
04/12/88
OZ/0%/788
01/705/89
QE/05/788
13705789
Q7057386
Q3705788
01 /705/89
01/05/89

&oaz/19/788

01/05/789
18716787
0B/10/87
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APPENDIX G

RESEARCH SUPPORT INSTRUMENTS, INC,

CALIBRATION AND TESTING SYSTEM

USING THE IBM

Research Support Instruments, Inc.
13610 Beaver Dam Road
Cockeysville, Maryland 21039
(361) 785-62540

J. T. Riley

A1/85/89
File: (CTS612.DOC
CTSCUS.DOC

[1lustrations
CTSAPP.DOC
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IBM PC CALIBRATION AND TESTING SYSTEM

Introduction

The purpose of this doucment is described. The
components and capabilities of the CTS system are listed.
1.8 Purpose

This document describes the RSI Calibration and Testing
System (CTS). Included are descriptions of the RSI CTS card, the
complete system hardware, and the demonstration software.

The RSI CTS System allows a standard IBM PC or compatible
microcomputer to be used as the CTS for scientific instruments
bound for space flight. This system enables the scientist to
completely check out the system before Elight, to calibrate the
flight instrument, and to recheck the instrument after the
flight.

On large complicated instruments, the IBM based CTS may
be used to test the individual components before integration into
the completed experiment. This builds confidence in the pieces
before difficult tests of a complete system are run. On large
systems having a number of data channels, the individual IBM
Dased CTS's can be used for each channel. The individual IBM's
may then be combined in a Local Area Network (LAN). An
additional IBM can then be used as the network controller and to
stor= the data on large kapa,

For i{nstruments whi~h incorporate their own

mitcroprocessors, the IBM PC used for the CTS may also be used [or

- 273 -




[ESUIPRURS S N

software development. This will require additional commercial
software ( Assembler, Forth, etc. ) and hardware ( additional
cables and a PROM Burner). Using the same instrument for the CTS

and software development can result in substantial savings.
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1.1 System Components

The RSI CTS System (see Figure 22) consists of:

* 1. IBM PC microcomputer or compatible with

Multifunction Card
(Mem, RS-232, RT Clock, Printer Port)

Data Storage Medium ( 2nd disk, hard disk,
or tape)

. RSI CTS Card

. +28 Volt Bench Power Supply

. Cables

. Software Package

. Documents

DU W

* These items are not provided under this contract.
1.2 Capabilities

The RSI CTS Hardware will provide the following support:

Instrument Power (+28 Volt)
Spacecraft Command Signals (8)
Instrument Status Signals (8)

Data Bnable Signal

Data Clock Signal (gated and ungated)
Display of Text and Graphics

Data Storage

NN e W~
L)

This system with supporting software will allow the user

tos

1. Display Test Data in real time
2. Issue commands to the flight instrument
3. Set Data Clock Rates, Enable timing,
and number of data bits.
4. Store data in RAM in real time
5. Store Blocks of Data on permanent medium.
6. Add time, date, and headings to data blocks
automatically
7. Print out data and test screens.
8. Automatically run timed sequences of tests,
9. NDevelopment of new testing sequences
18. Add to or develop new CTS software
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HARDWARE

Introduction

The hardware for the CTS system is detailed.
2.0 Hardware

This system uses the following hardware.

2.1 Microcomputer

The CTS computer must meet the following requirements.
2.1.1 Computer

The CTS computer may be any system which can run programs
in PC/FORTH, store data in IBM PC formats, and accept IBM PC
cards. The choice is a question of price as much as anything
else. Most PC clones will meet these requirements. You may,
however, wish to run this demonstration program on the system
with the RSI CTS card and a multifuction card installed before
you buy the computer.

You should also carefully consider whether you will need
a transportable system and the type of permanent data storage you
Wwish.,

The 8387 Math co-processor is not necessary and is not
helpful for the CTS software. 1If you will also be using the IBM
PC for data reduction or graphics, then the co-processor would be
helpful.

An IBM AT clone with a faster clock, 14 MHz instead of
4,77 MHz, would speedup the program and allow faster data takiag
and storage. The interrupt system for the AT is, however,

slightly different from the PC. This may cause a problem in data
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taking unless the version of Forth used is specifically adapted
for the AT. The CTS hardware and software should be tested on an

AT before purchase.

2,1.2 Multifunction Card
The multifunction card should include at least 360K of
additional RAM, a real time clock, and a printer port. A RS-232
port may also be needed if you plan to do flight software

development.

2.1.3 Mass Media

The permanent data medium may be any form of mass storage
available for the IBM PC. The more data storage required, the
higher the price, The cheapest is the standard floppy drive.
These hold about 383K bytes of data and are adequate for
calibration tests at modest data rates and bit counts,.

High density floppy drives will go to about 1M byte and
will cover mwost ground calibration regqairements. Hard disks come
in 18's of megabytes but may not transport as well and should be
backed up on other media. <Cartridge tape systems are available
both as independent units and és back-ups for disk drives. They

hold up to 68 megabytes and are popular for large data storage.

2.2 RSI CTS Card
This card allows an IBM PC to emulate the spacecraft. It
can provide all signals which in flight go from the spacecraft to

the ianstrument and can accept all signals which go from the

- 277 -




e St

instrument to the spacecraft.
2,2.1 Command Signals

Eight (8) command signals are available which can provide
either voltage levels or pulses to the instrument. The voltage
level for the output is set by applying power from an external
power supply and may be any value from 5 to 48 volts (28 V being
most commnon). A temporary shunt on the RSI CTS card ( Shunt 4 )
will allow the +5 V to power these outputs for simple tests.

In the Get Away Special (GAaS) system for the shuttle, for
example, these command lines mimic the relay closures in the GAS
Command Decoder (GCD) module. The GCD responds to commands sent
by the Mission Specialist and usually contains 3 double throw
single pole relays. More complicated instruments might have more
than one GCD.

The command lines may be used either as eight (8)
separate command lines or interpreted as an 8 bit number. This
raises the number of possible commands to 256 but also increases
the possiblity of getting the command wrong. Small changes in
the CTS software will accommodate either system.

2.2.2 Status Signals

Eight (8) digital status lines may be read by the
computer. These usually show instrument conditions such as alarm
conditions or the presence of voltages within the flight
instrument. These signals usually change slowly and these lines
have resistor capacitor filters.

In the GAS system these status lines would be sent back

to the Mission Specialist through the 3tatus Responder Unit
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(SRU). They allow the Mission Specialist to see if the
instrument is running properly.

In larger systems, which are connected to ground through
telemetry, a few of these lines may be paired with a few command
lines to provide a serial data channel. This requires at least
one data line and one handshake line in each direction. This
system is slow and requires alot of checks, but it can be used to

make setting changes on the flight instrument during flight.

2.2.3 Data Clock and Enable

This card generates Data Clock and Data Enable signals to
tcansfer data from the flight instrument to CTS. This process
mimics the tcansfer of data from the flight ianstrument to flight
data storage or telemetry systems.

The Data Clock rate, the Data Enable rate, and the number
of Data Bits are all software setable. All these signals have 2
at @ volts and 1 at +5 volts (TTL compatible).

In the most common arrangement, the flight instrument
conitains a shift cegister for the data. This register is loaded
with the Eirst word ( 8 or 16 bits) before the Enable signal
occurs. When the Enable signal does occur, it enables the
operation of the shift register and, if the flight insturment is
microprcessor controlled, triggers an interrupt. The CTS Catd
reads the first bit of data just after the Data Enable signal,
the first bit therefore should be waiting on the output line.

One half cycle later the Data Clock shifts the shift

resister and the second data bit appears on the output line. The
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data bits are read into the CTS memory and shifted out of the
flight instrument on alternate half cycles from the Data Clock.
This insures that the data will be stable when it is read. The
flight instrument is responsible for detecting when the shift
register must be refilled and this process must be completed in
less than one half of a clock cycle. This detection and
refilling process often sets the maximum clock speed the flight
instrument can handle,

The timing of the Data Clock and the Data Enable is
illustrated in Appendix XV

The Gated Data Clock provides one cycle for every bit of
data transferred. A Continuous Data Clock is also available on
the outpuk connector. The Data Rate of this clock is setable in
software from IM to 43 Hz b1t the range from 128 KHz to 5 KHz is
most often used. Rates over 128KHz are too fast for most Elight
instrument microprocessors and may have transmission problems,
Vary slow rates simply do not transfer much data. Stopping the
Data Rate with software also stops the Data Enable signal.

The Data Enable signal may be set to occur as often as
once every l6 Data Clock cycles or as rarely as once every 131872
Data Clock cycles. The normal range is from 10@0Hz to lHz. The
Data Enable signal is an envelope for the Gated Data Clock,

The Number of Data Bits is also software setable angd is
the number of data bits in the gated clock. The number of bits
may be set from 6 to 256. The number is usually a multiple of 8,
These limits are set by the First In First Out (FIFO) memoty on

the card.
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The Data Clock rate and the Data Enable rate may be
changed from software during a test. If the number of Data Bits
is changed during a test, however, the display of data on the IBM
monitor will be disrupted. The number of bits may be changed

along with the display for testing different flight instruments.

2.2.4 Data In
Data from the flight instrument is stored in an 8 by 32
byte (256 bit) FIFO which can then be read into main memory by

software., This is done at the end of each Data Enable signal.

2.2.5 Address

The address of the IBM CTS card may be set by hardware
DIP switch on the card to 16 different 1/0 address blocks. It is
set at the factory to 300H to 31FH which is assigned to the
Protype Card. 1If you are using other prototype cards you may
wish to move the starting address to one of the others listed in
Appendix X1V. The CTS.ADDR in Screen #2 of the software listing
will also have to be changed. This is the only software change

for a change in address.

2.2.6 Interrupt

At the end of the Data Enable signal a hardware interrupt
signal may be sent to the IBM PC., This interrupt means that new
data is ready to be read in.

A hardware shunt (Shunt 5) on the card allows the

- 281 -




interrupt to be set to any of four (4) interrupt request lines
(IRQ-2, IRQ-3, IRQ-4, IRQ-5) which are described in Appendix XIV.
The card is factory set to IRQ-3 which is normally used for the
Secondary Asynchronous Communications Port (COM2).

Changing the INTERRRUPT# constant in Screen #2 of the
software is the only software change required.

To facilitate testing of the CTS card a separate shunt
(Shunt 3) is provided to allow the interrupt to be hardware
disabled. With this shunt removed the interrupt software may be
completely debugged before you must deal with the actual hardware
intercupt.

The AT computer uses a slightly different Interrupt
system but the PC system used on the CTS card will work properly
if the interrupt used by the card is not used by for anything
else and the software language used is designed for use on the

AT,

2.3 Power Supply

No power is taken from the microcomputer for hardware
oatside the computer. A separate power supply is provided +28
volt power to ruan the instcument, This power supply ruans on 115
Volts AC and the power to the flight instrument has a separate
toggla switch,

The power may be provided to the instrument over a
separate power cable or this cable may be combined with the data
cable,

This power may also be used to power the Command lines if
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you wish them to be at the 28 Volt level.

2.4 Commercial Cards

You may require hardware features not provided by the CTS
card. These can be provided by commercially available cards for
the IBM PC. The flexible addressing and interrupt selection on
the CTS card makes coordinating with other cards much easier.

One common need is to read analog housekeeping lines such
as temperature, or voltage monitors. These are usually single
ended, have a range of about @ to 5 volts, and require only 8 bit
accuracy.

One card that serves this purpose well is the 83-864A
Universal 1/0 card from

John Bell Engineering, Inc.

408 Oxford Way

Belmont, CA 94042
It has 16 single ended 8 bit analog inputs and 9 eight bit
digital ports. This card costs about $330, and you will probably
need to make up an analog cable. This card is mapped into the
high software interrupt addresses and does not interfere with the

CTS card.

2.5 Cables

The flight instrument is usually stored in a clean area
with limited access. The CTS may, therefore, operate over
cables of up to 50 feet. The Data Clock, Data Enable, and Data
Sigrals must be on either coax or twisted shielded pairs. The

Command lines, power, and return lines may be on unshielded
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wires.

Some flight instruments may require clock and data
signals at levels other than TTL. CMOS levels (# and +10) are
common as well as iaverted and differential signals. The
commands can be set to any desired level by providing external
power and can be inverted by simply changing software. If other
signals are needed at non-TTL levels then a small hand wired
circuit board will be needed to change signal levels. This
device is usually associated with bench power supply and powered
by it.

Often the flight instrument must be placed in a vacuuam
chamber for ground calibration. If this is the case, a second
sat of cables may be needed to match the ooanectors on the

chamber,
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GENERAL PURPOSE SOFTWARE

Introduction
The general requirements for the CTS software are
discussed.
3.8 General Purpose Software
The software described in this section applies to all

applications using the RSI CTS card. This specific application

is described in the next section.

3.1 Forth
The CTS software is written in PC/FORTH from :
Laboratory Microsystems, Inc.
P.0. Box 10439
Marina del Rey, CA 90295
A copy of this computer language will be needed if you
wish to rewrite, or modify the provided software. On the disk
provided is a autostart version of the demonstration software and
a screen version. The autostart version can be run from IBM DOS
simply by calling its name. The screen version is the same but
requires the FORTH language to run. The screen version is open
for modification by the FORTH editor.
LMI also makes a graphics extensior for PC/FORTH.
PC/FORTH follows the 83-Standard for Forth. Other
versions of Forth on the IBM PC will run the demonstration

software but small modifications to Lhe program may be needed.

3.2 CTS Software
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The program provided, CT5.SCR, is intended as a
demonstration of the use of the RSI CTS system. It is heavily
docunmented and can serve as a base for the development of your

CTS software,

3.2.1 Initilization

This section sets up the computer and RS1 CTS card. 1If
you change the card's address or interrupt you need only change
numbers in Screen #2 of this section.

A major part of this section is the assembly language
driver words which allow communication with the RSI CTS card.
Having these words available will save you a lot of time in

developing your CTS program.

3.2.2 Testing from the Keyboard

This section of the program allows you to run tests from
the keyboard of the IBM PC. You can start and stop the clocks,
take data, and issue commands. This allows you to fully check

out your flight instrument.

3.2.3 Automatic Testing

This feature lets you set up a timed sequence of
commands. This allows you to repeat a complex test in exactly
the same way, time after time. S&uch a teslt might be us21 in

calibration tests or before and after the flight tests,
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3.2.4 Nata Handling

The demoanstration software includes an interrupt driven
data input routine and a section which will store data on disk.

The interrupt handler responds to an interrupt from the
RSI CTS card by transferring the latest data frame from the CTS
card to a large data buffer in RAM. It also keeps track of its
place in the RAM butfers.

Two (2) data buffers of up to 64K length are allotted in
the RAM on the Multifunction card in Screen #1 of the program.
When one of these buffers is full, it is transferred to permanent
media while the other is filling up. The size and addresses of
the buffers you need will be determined by the Ltype of permanent
media you use and the rate at which the data is generated.

The data is stored in the data buffers in the form of 8
bit binary numbers. When this data is transferred to other media
it is often convered into an ASCII character file. This is
necessary to be consistent with floppy disk formats and to allow
the use of word processing programs on the data. The data
requires more room in the ASCII format. Some tape systems store

the data directly as binary numbers.

3.3 Use of Commercial Software Packages

The following commercial software packages may be of help
when used with this system.
3.3.1 Word Processor

Often it is necessary to edit, abbreviate, or pull out

sactions of the data files. These files are stored as ASCII
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characters and may be worked with most Word Processing Programs
for the IBM PC. 1In the demonstration software a carriage return
and line feed has been added at the end of each data frame to

ease their reading with a word processor.

3.3.3 Graphics

Again, as the files are in ASCII characters, many
commercial graphics packages will display the data files
graphically. Graphics packages in Forth are also available for
the IBM PC. These will facilitate development of data reduction
and graphics display programs.

LMI makes a graphics extension for PC/FORTH
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SPECIFIC APPLICATION SOFTWARE

File: CTSCUS
Introduction

The procedure for modifying the software for a specific
application is detailed.
4.0 Specific Application Software

This section describes how to customize the general
purpose software described in the last section for a specific
application. Two (2) examples of custom software, for a single

instrument and a dual instrument, are then given.

4.1 Hardware Set-up

Install the CTS card and any other peripherals you
require in the IBM PC. Turn on the power, and see that a normal
boot occurs.

Connect the cables to the IBM and external power supply
but NOT to the flight instrument. Test the flight instrument
cable connector pins to be sure that the power is on the correct
pins. Turn off all power and connect the cables to the flight
instrument.

You are now ready to turn the power back on and boot up

the IBM PC.

4.2 Customizing the Software
Most of the customizations will be to adjust the program

to your specific data requirements. You should, therefore,
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workup a Definition of Data Bits for your fight similar to the
examples given in Appendix XVI,

Make a Copy of the CTS.SCR program using‘either the DOS
COPY program or the FORTH SCOPY program with a new name for your
instrument. Bring up FORTH and the EDITOR. Edit screen #0 to
show the new program name and instrument.

Edit Screen #1 to set the segment address of BUF#1.DS AND
BUF#2.DS. This sets up two 2K data buffers in high memory. The
example values will be fine for most cases.

Edit the Forth word INIT.VAR on Screen #2 to set your
values for DATA.RATE, in tens of Hertz; ENABLE.RATE, in Hz; and
DATA.BITS. These should reflect your instrument's fight
parameters and the Definition of the Data Bits developed earlier.

If the CTS card address or interrupt number have been
changed, enter the changes also in Screen #2. This is only
necessary if the card address conflicts with other cards in your
system.

If you are using a separate card to read analog signals,
Forth words to drive this card will be needed. These will
probably be similar to the words on Screen #18. They might be
placed on Screen #9, Screen #12, or the editor might be used to
move screens to make room.

The display will now have to be modified to reflect the
number and meaning or your data bits. Starting on Screen #27,
edit the word .DATA, print data, to reflect the size and meaning
of your data from your Definition of the Data Bits. You might

also like to make changes such as expanding the display of the
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flag bits.

If you have a separate 1/0 card to read analog signals,
you Will need a word similar to .STATUS on Screen #28 to display
the readings. This new word can then be added to DISPLAY.

Edit DISPLAY on Screen #29 if you want différent
information or the same information in a different arrangement to
appear on the monitor during testing. You may also like to edit
line four so that the name of the particular instrument appears
on the screen during the test.

If you wish to store data on a device other than a disk
under PCDOS control such as a large capacity tape, then the Data
storage section on Screens #30 to #35 will require editing. Most
large floppies and hard disks will work directly under the
example program.

If you wish to use the Command Table feature, then enter
your table in Screen #39. The elasped time in the first column
is in seconds starting from the command to start the table. The
'{tick) enters the time in memory. Your command is then entered.
You may enter any defined FORTH word in the table but the stack
will be empty. If you need to enter a word requiring parameters
from the stack, then write a short word in Screen #38 which
places the parameters on the stack and calls the word. Your new
word can then be entered in the table. The word END.TABLE
restarts the table when the last time entered has passed.

If your instrument, or data handling, require other
special handling, you may modify any section of the example

program to suit your needs. All modifications but those to the

- 291 -




interrupt handler can be written in Forth.
You have now customized the CTS program for your

application.

4.3 Running a Test

With the IBM PC up and booted, place the CTS software
disk in Drive A and a formated disk for data in drive B. Enter
the word FORTH followed by the name of your customized software.
Load the program by entering 1 LOAD. When the ok prompt
reappears on the monitor, enter RUN to start the test program.

The program will show the monitor display and ask for the
name of a data file. Since this file will be on the B Disk the
name should start with B:, as in B:DATAFILE.DAT . Your word
processor may require a specific extension such as .DOC .

The program will then ask for a heading for the data
file. The heading will appear at the top of the data file and
may be up to 88 characters long. A carriage re:-urn will end the
heading entry. The file name, experimenter, and test number are
usually included.

The program will then show the standard display. The
external power to the instrument should be turned on if it is not
already on. At the bottom of the screen is an explanation of the
keys which are active. The D will start the data clock and
thereby start data reading. The S will start storage of data
onto Disk as soon as a data buffer fills up. The number @ to 7
will issue commands to the flight instrument.

Issue a few commands to insure the instrument is
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operating properly and that good data is coming through. Then
turn on the data storage with a S and start the Command Table by
entering a T. The incrementing of Elasped time will indicate
that the command table is in charge. Occasionally, the disk
drive will run and the Frames Stored number will increase. This
indicates how much data has been saved.

Pressing any key will stop the command table and return
control to the normal display. Entering a Q will then stop the
Data Rate Clock, close the data file, and return operation to
FORTH. External power to the flight instrument should then be
cut off. The data file may then be reviewed and printed out with

a word processor.

4.4 Single Instrument Software

The program CTR.SCR is set-up for a single spectrometer
without scan platform. It is also used as the starting point for
Wwriting custom software for other instruments. The data format

used is shown in Appendix XV or a single instrument.

4.5 Dual Instrument Software

The program CTRD.SCR is set-up for two (2) instruments
with a scan platform. The data format is shown in Appendix XV
under Dual Instrument with Platform.

The display has been expanded to show the second
spectrograph data and the platform information.

The larger data word results in the buffers filling up

quickly so the disk is called at shorter intervals.
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CALIBRATION PROCEDURE
Introduction
The procedure for calibrating an instrument is detailed.
5.0 Calibration Procedure

5.1 Set-up

5.2 Calibration Run
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Appendix XIV

HARDWARE DETAILS

CALIBRATION AND TESTING SYSTEM

J. T. Riley
04/07/88

File: CTSAPP

JOB 612 HUP2

INTRODUCTION

Hardware details for the CTS card are given in detail
including the I/0 Map, Address Switch Settings, and Interrupt

Jumper Settings.

1.8 1/0 Map

This map assumes that the base address of 300 Hex is

used.

Addr Chip

300
381
362
383
304
385
306
307
308
309
30A
308
34C
30D
30E
30F
310
311
312
313
314
315
316
317
318
319
31A
31B
31cC

Description

Clock @ Data Rate
Clock 1 Enable Rate
Clock 2 counter for number of bits
Clock Mode address
Reset Data Rate Clock
Not used

Not used

Not used

Start Data Rate Clock
Not used

Not used

Not used

Reset Enable

Not used

Not used

Not used

Store Command / Read input
Not used

Not used

Not used

Read FIFO

Not used

Not used

Not used

Shift FIFO

Not used

Not used

Not used

Clear FIFO
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31D Not used

31E Not used

31F Not used
2.0 Address Switch Settings

The bass address of the CTS card may be set using the DIP

switch on the card. The setting are as follows.

Address Switch

Hex 1 2 3 4
2090 On On On On
220 On On On Off
2449 On On Off On
260 On On Off Off
289 On Off On On
2A0 On Off On Off
2CH On Ooff Off On
2EQ On Off Ooff Off
300 off On On On
320 Ooff On On Off
348 Off On Off On
3680 Off On Ooff Off
380 Ooff Off On On
3A0 Ooff Off On On
3Ce Off Off Off On

Switch 1 is away from the back connector.

3.0 Interrupt Jumper Settings
The interrupt may be set by setting the following on
board jumpers. The location of these jumpers is shown in Figure

23, CTS Card Layout.

Shunt 3 Enables Interrupt System
Alows testing without interrupts
Shunt 5 to IRQ3 B25 Interrupt #3
to IRQ4 B24 Interrupt #4
to IRQ5 B23 Interrupt #5
to IRQ2 B4 Interrupt #2

The B connections are on the solder side of the card edge
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connector at the bottom of the card.

- 297 -

T




Appendix XV
DATA BIT IDENTIFICATION
J. T. Riley
03/07/88
Introduction
The data from the instrument is in the form of a large

serial data word. The size of the data word is defined for
likely configurations and the meaning of each bit given.

1.8 Word Length

The length of the data contributed by each microprocessor
module must be divisible by eight. The exact length of the word
and the meaning for each bit in the word is dependent on the
needs of an individual flight. This is set in software by DATA
(screen #34) and by the constant DATA# (screen #2).

The first instrument, a single spectrometer with a scan

platform, used the following bits:

Spectrometer

Count 13
Command 3
Wavelength 10
Status 6
Angle 13
Angle Status 2
Error 1

Total 48

The proposed configurations would then have the following
word lengths.

One Spec without Scan

Count 16
Wavelength 19
Status 6
Command 4
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Error 4
Total 44 5 Bytes
Two Spec. with Scan
Master 44
Scan 16
Secondary 40
Total 96 12 Bytes
Four Spec. no Scan
Master 49
Secondary 44
#3 49
$4 49
Total 160 20 bytes

2.9 Data Timing

The microprocessor outputs data in response to a Data
Timing (see Figure 24). The microprocessor expects these signals
to be at TTL levels but they may be level shifted or inverted in
the Spacecraft Interface module. Note that the Enable Signal
must remain high during all the low to high transitions of the
Data Clock. The Data Clock may be either gated or continuous.
The microprocessor provides a new bit on each low to high
transition of the clock and expects the spacecraft to read the
bit just after each high to low.

The first bit of data will be available as soon as the
Enable signal goes high, the Enable low to high transition must
take place after a clock high to low. Similarly, the Enable
signal must end after the last clock low to high and before the
clock can go low to high again.

The Data Period, being the time between the start of data

transfers, will be set by the spacecraft hardware and maybe any
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value between .01 and 1 seconds. If the data period is longer
than the .01 second used on the first instrument, then additional
Count bits will be needed (up to 16 bits) and the data word must
then be extended. If the Data Period is longer than .l second,
the event counter may fill up and roll over on a bright source
even with the full 16 bits.

The Data Clock rate is also set by the spacecraft and
determines the time required to transfer the data. The total
time require to transfer the data from all the instruments on a
data channel should not exceed 76% of the Data Period or the
system may not have time to execute commands properly. This rate
may be any value between .5 KHz and 128 KHz. If the total data
word is long, or the Data Period is short, the higher end of this
range will be needed.

On multiple instrument configurations more than one data
channel can be used to advantage. This will significantly
improve data transfer rates. This feature would be implemented
in hardware on the Spacecraft Interface card.

Software adjustment is necessary to set the Data Period
for a mission (see DAT.EN.R screen 2), but the Data Clock rate

does not affect software.

3.0 Bit Identification

The meaning of each bit of the Data can be set in
software. The total length of Data for each microprocessor must
be divisible by eight to comply with standard word length even if

unchanging filler bits or extra error bits have to be added.
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The number of Count Bits and the presents of a scan platform

affect the total number of data bits directly.

The following example shows three (3) configurations.

The first has a data bit pattern identical with the first

engineering instrument, the second is a single instrument with no

platform, and the third has two (2)

3.1 Spectrometer with Platform.

First Byte
1

XN WN

Second Byte
9
19
11
12
13

14
15
16

Third Byte
17
18
19
29
21
22
23
24

Fourth Byte
25
26

27
28

Count, low
Count, low
Count, low
Count, low
Count, low
Count, low
Count, low
Count, low

Count, high
Count, high
Count, high
Count, high
Count, high

Command wor
Command wor
Command wor

Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,

Wavelength,
Wavelength,

word,
word,
word,
word,
word,
word,
word,
word,

word,
word,
word,
word,
word,

d, bit

d, bit
d, bit

low w

bit
bit
bit
bit
bit
bit
bit
bit

bit
bit
bit
bit
bit

w N -

ord,

low word,

low w

ord,

low word,

low w

ord,

low word,
low word,
low word,

O~ W~

9
10
11
12
13,

bit
bit
bit
bit
bit
bit
bit
bit

instruments and a platform.

~
[
4]
[v>]

MSB

LSB

-

OO Ut W

high word, bit 9
high word, bit 16, MSB

Wavelength Fiducial.

Cover Statu

s,
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29 Shutter Status, 1 = Closed

30 Test Lamp Status, 1l = On

31 High Voltage Status, 1 = On

32 Solar Sensor Status 1l = Sun Present
Fifth byte

33 Angle, low word, bit 1, LSB

34 Angle, low word, bit 2

35 Angle, low word, bit 3

36 Angle, low word, bit 4

37 Angle, low word, bit 5

38 Angle, low word, bit 6

39 Angle, low word, bit 7

49 Angle, low word, bit 8
Sixth Byte

41 Angle, high word, bit 9

42 Angle, high word, bit 10

43 Angle, high word, bit 11

44 Angle, high word, bit 12

45 Angle, high word, bit 13, MSB

46 Scan Angle Fiducial, l = At fid

47 Latch Status, 1l = Latched

48 Error Bit, 1 = Error.

This is the data bit definition used in the first
instrument.

3.2 Spectrometer Alone

First Byte

1 Count, low word, bit 1, LSB

2 Count, low word, bit 2

3 Count, low word, bit 3

4 Count, low word, bit 4

5 Count, low word, bit 5

6 Count, low word, bit 6

7 Count, low word, bit 7

8 Count, low word, bit 8
Second Byte

9 Count, high word, bit 9

10 Count, high word, bit 189

11 Count, high word, bit 11

12 Count, high word, bit 12

13 Count, high word, bit 13,

14 Count, high word, bit 14

15 Count, high word, bit 15

16 Count, high word, bit 16, MSB
Third Byte

17 Wavelength, low word, bit 1, LSB
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18 Wavelength, low word, bit 2
19 Wavelength, low word, bit 3
20 Wavelength, low word, bit 4
21 Wavelength, low word, bit 5
22 Wavelength, low word, bit 6
23 Wavelength, low word, bit 7
24 Wavelength, low word, bit 8
Fourth Byte
25 Wavelength, high word, bit 9
26 Wavelength, high word, bit 19, MSB
27 Wavelength Fiducial. 1 = At fid
28 Cover Status, 1l = Closed
29 Shutter Status, 1 = Closed
30 Solar Sensor Status 1 = Sun Present
31 High Voltage Status, 1 = On
32 Test Lamp Status, 1 = On
Fifth Byte
33 Command word, bit 1
34 Command word, bit 2
35 Command word, bit 3
36 Command word, bit 4
37 Error Bit
38 Error Bit
39 Error Bit
40 Error Bit

Compared to the first instrument, the count has been
extended to 16 bits to allow longer intergration times. The
Command Word has been moved to the last byte and extended by one
bit so that it can show the exact command number instead of the
command number minus one.

3.3 Dual Spectrometers

Dual spectrometers

the master unit.

First Byte

NN W -

Second Byte
9
10
11

VY SIS

Count,
Count,
Count,
Count,
Count,
Count,
Count,
Count,

Count,
Count,
Count,

low
low
low
low
low
low
low
low

with a scanning platform controlled by

word,
word,
word,
word,
word,
word,
word,
word,

bit
bit
bit
bit
bit
bit
bit
bit

-

O NV N

high word, bit 9
high word, bit 10
high word, bit 11
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12
13
14
15
16

Third Byte
17
18
19
20
21
22
23
24

Fourth Byte
25
26

27
28
29
30
31
32

Fifth Byte
33
34
35
36
37
38
39
49

Sixth byte
33
34
35
36
37
38
39
40

Seventh Byte

Count,
Count,
Count,
Count,
Count,

Wavelen

high word,
high word,
high word,
high word,
high word,

gth,

Wavelength,

Wavelen

gth,

Wavelength,

Wavelen

gth,

Wavelength,

Wavelen

gth,

Wavelength,

Wavelen

gth,

Wavelength,

bit
bit
bit
bit
bit

low word,
low word,

low w

ord,

low word,
low word,
low word,

low w

ord,

low word,

12
13,
14,
15,
16, MSB

bit
bit
bit
bit
bit
bit
bit
bit

-
c
n
w

RN W~

high word, bit 9
high word, bit 18, MSB

Wavelength Fiducial.
Cover Status,

Shutter Status,
Solar Sensor Status
High Voltage Status,
Test Lamp Status,

Command
Command
Command
Command
Error B
Error B
Error B
Erxror B

Angle,
Angle,
Angle,
Angle,
Angle,
Angle,
Angle,
Angle,

Angle,
Angle,
Angle,
Angle,
Angle,

wor
wor
Wwor
wor
it
it
it
it

low
low
low
low
low
low
low
low

high
high
high
high
high

d, bit
d, bit
d, bit
d, bit

word,
word,
word,
word,
word,
word,
word,
word,

word,
word,
word,
word,
word,

VAR N

bit
bit
bit
bit
bit
bit
bit
bit

bit
bit
bit
bit
bit

Scan Angle Fiducial,
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1l = Closed
1l = Closed
1l = Sun Present
1l = On
1 = On
1, LSB
2
3
4
5
6
7
8
9
10
11
12
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1l = At fid




47
48

Eight Byte

OO W

Ninth Byte

9

19
11
12
13
14
15
16

Tenth Byte
17
18
19
20
21
22
23
24

Eleventh Byte
25
26

27
28
29
30
31
32

Twelveth Byte
33

Latch Statu
Error Bit,

S,

1
1

Latched
Error.

Start of Secondary Instrument
, LSB

low
low
low
low
low
low
low
low

Count,
Count,
Count,
Count,
Count,
Count,
Count,
Count,

Count,
Count,
Count,
Count,
Count,
Count,
Count,
Count,

high
high
high
high
high
high
high
high

Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,
Wavelength,

Wavelength,

word,
word,
word,
word,
word,
word,
word,
word,

word
word
word
word
word
word
word
word

low
low
low
low
low
low
low
low

bit
bit
bit
bit
bit
bit
bit
bit

, bit
, bit
, bit
s bit
, bit
, bit
, bit
, bit

word,
word,
word,
word,
word,
word,
word,
word,

1

DA WN

9
19
11
12
13
14
15
16,

bit
bit
bit
bit
bit
bit
bit
bit

MSB

LSB

-

OOV

high word, bit 9
Wavelength, high word, bit 16, MSB

Wavelength Fiducial.

Cover Statu
Shutter Sta

s,
tus,

Solar Sensor Status
High Voltage Status,
Test Lamp Status,

Command
Command
Command wor
Command wor
Error Bit
Error Bit
Error Bit
Error Bit

wor
wWor

bi
bi
bi
bi

d,
d,
a,
d,

t 1
t 2
t 3
t 4
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Sun Present
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The count is extended to 16 bits to allow longer
intergration times. The Command Word is moved to the last byte
and extended by one bit so that it can show the exact command
number instead of the command number minus one.

The data bit identifications for the two (2)
are identical, but two bytes of platform data have been added to

the master instrument.

instruments
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FIG 24 DATA TIMING
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Screen # @
{ COLIBRATION
( Last chanpe:

& TESTING
Screen

APRPENDIX XVI

5YsTEMm
a3

T3

JTR 11:17 @4/28/88

SINGLE INSTRUMENT SOFTWARE
no platform
VERSION 1.1%

Caopyright (c) 1985
Research Support
12612 Beaver Daw Road
Cockeysville, Maryland
Tom

Written by: Riley

FILe: CTS8.8CR

Screen # 1
{ Variables

Irstirunents,

21837

MARK 3
VARIABLE DATA. RATE
VARIABLE ENABLE.RATE ( Erab
VARIABLE DATALRITS { Number
VARIARBLE CuUR.COM 2 CUR. COM
VARTABLE DATA. BYTES

HEX

VARIARLE DATA. POINT

422Q CONSTANT RUF4#1.DS
4822 CONSTANT ERUF42. DS
VARIABLE BUF. LEN
VARIARBLE NEX. BUF
VARIABLE PRES. BUF
VARIABLE NEX. BUF.STOR
DECIMAL

o

Screern # 2
{ INIT.VAR, CTS.ADDR

INIT. VAR « - .
DECIMAL
1g2e DATA. RATE !
i@ ENABLE. RATE !
49 DATA.BITS !
2 1024 % DATR.BITS @ -

DATA.RITS @

1% + 16 v

Irnc.

JTR 1@:37 Q4/2B/868 )

\
’

JTR 12:57 Q4/068/88

i
le Rate ir Hz
of data bits )

( Marks start of applicationm words )
( Pata clock rate in Decabz,

s )

' ( Current Command)

{ Number of data Bytes )

Data Pointer )

Buffer #! DS Register )
Buffer #2 DO Register )
Buffer Length )

Next Buffer DS )
Present Buffer DT )
Next Buffer Lo Disx DS

JTR 1@:356

)

24/08/38

Initialize applicatiorn variables )

¢ Charpe initial values here )

( DecaHz, 12,@2@2 MHz )
{ Hz
( bits )
1 - BUF.LEN ! ( Bytes )
2 * DATA.BYTES ! H

( divisiable by 8, ever number )

( Base address of CTS card )

HEX

JV@  CONSTANT CTS. ADDR
3 CONSTANT INTERRUPT#
DECIMAL ——)

Laboratory Microsystems PC/FORTH 3. 00

( Interrupt Number )

13:44

310 -

i@/30/83

)

a:cts. s




-

Soreen # 3
( Store Data Rate Parameter
ASMBE HEX ( Load assembler )

JTR @3:42 Q2/25/88 )

CODE DR! (N -—— , Store Data Rate Parameter on card )

DX, # CTS.ADDR 3 + MOV

( Clock Mode Port Address)

AL, # 36 MOV ( Set Made, Clk @ Sg Wav)
DX, AL ouT
DX, # CTS.ADDR MoV { Parameter Port )
AX Pop { get n from stack)
DX, Al ouT ( LSB )
AL, A moyV { Next BYTE)
DX, AL ouT ( MSEB
NEXT, END~-CODE ——}
sSoreern # 4
{ Store Eviable Rate Parameter JTR @9:4Q2 Q2/25/88 )
cgbz  ER! ( N -— ., Store Ernable Rate Parameter on carc

DX, # CTS.ADDR 3 + MmOV

AL, # 74 mayv
DX, AL ouT
DX, # CTS.ADDR 1+ MOV
AXx pOR

DX, AL cuT

AL, AH MOV DX, AL OUT
)

NEXT, END-CODE

Sareen ¥ 5
{ Store RBit Count Rarameter

CODE BN! (N —
DX, # CTS.ADDR 3 + MOV
AL, # E4 MOV
DX, AL ouT
DX, # CTS.ADDR 2 + MOV
AX POP
DX. AL ouT
at., AH MOV
DX. AL ouT

NEXT, END-CODE

Laboratory Microsystems PC/FORTH 3,00

( Clock Mode Port Address)

{ Set Mode, CLK 1 RATE GEN )

( Rarameter Port )
( get n from stack)
( LSE )
( MSR)

JTR @9:4Q2 @z/25/88 )

Store Number of Bits arn card )

( Clock Mode Port Rddress)

( Set Mode, CLK 2 RATE GEN )

( Barameter Port )
( get n fror stack)
{ LSE )
( Next BYTE)
( MSE )

13:44 10/30/89 a:cts. sy
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Screen # &

{ Start Data Rate, Reset Data Rate JTR 11:17 @4/@8/88 )
CODE START.DR ¢ -- , Start Data Rate)

DX, # CTS.ADDR 8 + MOV { Port Rddress )

AL, # @@ MoV ¢ Any nunber )

DX, AL ouT { write to address)

NEXT. END-CODE
CODE &STOP.DR {( —— , Reset Data Rate)

DX, # CTS.ADDR 4 + MOV ( Port Address )

AL, # a2 MoV { Any wviumber )

DX, AL auT { write to address)

NEXT, END-CODE

_—

Soreen # 7

{ Reset Enable, Send Commarnd JTR 11:17 24/28/88 )
CODE RESET.E { —— , Reset Enable)

DX, # CTS.ADDR C + MOV { Port Address )

AL, # 2 mayv ¢ Any rumber )

DX, QL ouT ( write to address)

NEXT, END-CODE

copz COMMAND! (N —— , Issue Command )
RX 20pR ( get n from stack;
CX, # CTE.RADDR i@ + MOV { Port Qdcress )
DX, (21 ouT { write to acdress)

NEXT, END-CODE

-

Screen # 8

( Read FIFDO, Shift FIFQ JTR 11:17 Q4/28/88 )
COpE @FIF0 { —-—— N, Read FIFO)
DX, # CTS.ADDR 14 + MmOV ( Port RAddress )
AL, DX IN ( Read 1 Byte )
AH, # @ Moy
AX PUSH
NEXT, END-CODE
CODE SHIFT.FIFO ( —-— , Parallel Shift FIFO for next byte )
DX. # CTS.ADDR 18 + Mmov ( Port Address )
AL, # o2 MoV ( Any number )
DX, AL ouT ({ write to address)

NEXT. END-CODE

Laboratory Microsystems PC/FORTH 3.02 13:45 1Q@/30@/83 a:cts. sor
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Screen # 3

( Clear FIFO JTR 11:17 d4/28/88 )
CODE CLEAR.FIFO ( —-- , Clear FIFQ completely )

DX. # CTS.ADDR 1C + MOV ( Port Address )

AL, # 2@ mov ( Any number )

DX, AL ouT { wirite to address)

NEXT. END-CODE

DECIMAL

Screen # 1@

{ SET.DATA. RATE, SET.ENRABLE.RATE JTR 12:32 1@/32/8%5 )
: SET.DATA.RATE ( N ——- , Set Data Rate )
2385 SWAP 12@ SWAR */ ( convert to parameter )
DR!
: SET.ENABLE.RATE ( N -~ , Set Ewable Rate )
DATA.RATE @ 12 4 %/
SWRP /
ER' 3
: SET.DATA.BITS (N -—— |, Set yvumber of cdata bits )
DUP 256 » IF DROP 286 THEN ( less than &56)
BN! & ( store )

Screern # 11
{ INIT.CTS JTR 1&:32 1iQ/30/8% )

INIT.CTS ( - 4 Initiate CTS card )
INIT. VAR
STOP. DR
RESET. E
@ COmMAND'!
CLEAR. FIFQ
DATA.RATE & GSET.DATA.RATE
ENARBLE.RATE @ SET.ENABLE. RATE
DATA.RITS ®@ SET.DATA.BITS

o
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Screen # 12
( NAIT, MSEC JTR 12:58 24/08/88 )

WAIT ( N —— , Short delay )
@ DO LOOP ;

MSEC ( N -— , delay in milliseconds )
@ DO 36 WRIT LOOP

-=)

Screarn # 13
{ SEND.COM JTR 13:2@ Q&/24/88 )
: SEND.COM ( N -— , Send CTS command as Level )

DUP 8 » IF DRORP @ THEN { Less than 8)
DUA 1 < IF DROR @ THEN ( Greater thaw 1 )

DyP CUR.COM ! ( Current command )
2 SWAR BEGIN DUR WHILE
1—- SWRAP 2% SWRR REREZAT { Shift to bit )
DRORP 2/ &2/ COMMAND !
PULSE.COM (N -— , Bend CTS command as Pulse @ )
DUP CUR.COM ! ( Update Current Command )
pUR SEND. COM ( Set Bit)
122 MSEC ( wait )
( 2 SEND.COM ) ( 2 Bits )
CUR, COM ! { Store last command

: -

Screen # 14

{ FDOS.EX JTR 11:37 12/26/88 )
HEX
CODE £DOS.EX ( AX, DS, DX —— AX, BX . Extended FDOS )

Dx POP DS POP AX POP ( Load PRarameters )

§1 PUSH BP PUSH { Congserve pointers )

21 INT { Call DOS Interrupt )

BR ROR S1 POP ({ Restore Pointers )

AX PUSH BX PUSH ( Return results )

NEXT, END-CODE

Laboratory Microsystems PC/FORTH 3.0@ 13:45 1@/30/83 a:cts. sor
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Screen # 15

( Set—-up Interrunt JTR 11:05 @4/08/88 )
CODE @CS ( ~~ N 4, Fetch C8 register )
CS PUSH NEXT, END-CODE
CODE @DS { ~—~ N , Fetch DS register )
DS PUSH NEXT, END-CODE
COLE SOFT. INT ( -—= 4 Call Interrupt from Saftware )
13 INT

NEXT, END-CODE

Screen # 16

{ @IMR, !IMR., RESET. MASK aof 8259R JTR 1@0:58 Q4/08/88 )
HEX
CODE @®IMR ( -— N, Read Irnterrunt Mask Register of 82590 )

# &1, AL IN
AH, # @ MOV

AX PUSH
NEXT, END-C(ODE

oDz tImMeE (N ~~ , Store Interrupt Mask Repister )
AX rOPR

¥ 21 , AL QUT STI { Emable interrupnt )
NEXT, &ND-CODE

Screen # 17

{ RESET.MASK, MASK 8253A JTR @3:41 B2/25/88 )
: RESET.MASK ( -—- , Reset 8257 Interrupt Mask )

@IMR ( Read Mask )

1 INTERRUPRT# SHIFT NOT (@ in correct bit )

AND ' IMR { Store Mask )
: MASK ( -- , Mask 8253 Interrupt Mask )

@IMR { Read Mask )

1 INTERRUPTH# SHIFT ( 1 in correct bit )

OR 'IMR ( Store Mask )

-
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Screen # 18
{ Interrupt Service 1

JTR 15:54 @3/20/86 )

HEX
CODE INTER.SERV ( -—- , fRAssembly Interrupt Service Routire )
PUSHS AX PUSH RBRX AUSK CX PUSH DX PUSH ( Save )
BR PUSH SI PUSH DS PUSH DS PUSH ( System Configure )
AX, C8 MOV DS, AX MOV ( CS tc DS )
aXx, DATA. BYTES MOV CX, AX MOV ( Count Data Bytes )
1%: AX, DATA.POINT MOV EX, AX MOV ( Data Painter
RX, PRES.BUF mMmMavVv DS, AX MOV ( Data Segment )
DX, # CTS.ADDR 14 + MOV ( READ FIFOQ )
AL, DX IN ( Read FIFO )
[BXx1, AL MoV ( Store Byte )
DX, # CTS.ADDR 18 + MOV ( S8hift FIF3
DX, AL ouT

-=)

Screen # 19
( Interrupt Service Cont. =4

AX,
WORD
CX
ax,
1%

DX.
DX,

ax,
Ax,
BX.
Ax,
2%

Screen # 2@
{ Interrupt Service Cont. 3

o
*

Laboratory Microsystems RC/FORTH 3.@@

Ax,
BX,
PRES
NEX.
Ax.
DATA
DX,
DX,
DX,
DX,

Cs ™MoV DS, AX
DATA. POINT  INC

JTR 11:58 @&/12/86 )
MoV ( C8 to DS )

( Increment Data Pointer

DeC { Reduce count )

Cx mdv Aax, RX  AND  ( Set flao)
JNZ

% CTG.ADDR 1C + MOV ( CLEAR FIFQ )

Al ouT

Cs MoV ps, Aax
BUF, LEN MoV
DATA, POINT MOV
BX Civp
JNC

PRES. BUF MOV

NEX. BUF MOV ( and Next EBuffer )

. BUF , EBX moy
BUF , AX MoV

4 2@ MoV ( Zera Pointer )

. BOINT , AX MOV :

# CTS.ADDR C + MOV ( Reset Card Interrupt )
AL ouT { Any rumber out )
# 2@ Maov AL, # 28 MOV ( Reset B8253A
AL ouT

( Clear FIFQG )

MOV ( €5 to DS )

( End of Buffer )

JTR 15:55 @3/22/86 )

( Swap DS of Present

DS POP C8 POP &I POP BP POP

)

DX POP
IRET END-CODE

DECIMAL --)

CX PGP RBX POP AX POP POPF

( Restore )

( Return from Intervruot

13:46
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Screen # 21
{

sScreen 22
{ SET. BUFFERS
HEX
SET. INTER.VEC ( -~ , Set
25 1@ * INTERRUD" % 8 + «+
BCS ['31 INTER.wn W 2 +
“DOS.EX  DROP T uP

]

: SET.RUFFERS ( ——
BUF#1.DS PRES. BUF !
FUF#Z.D8 NZX.BUF !
BUF#L1,. DS NEX.BUF.STOR |
@ DATA. POINT ' =

-=)

Scaen # 23

( Interrupt test

HIX

: INIT. INTER ( -—
SET. INTER. VEC
SET.BUFFERS
RESET. MASK

DECIMAL

: TEST (N ~-

s INTERRUPT TEST )
@ DO

DATA. POINT & U.
Loce

-=)

Laboratory Microsystems PC/FORTH 3, @@
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{ Sector

, Set-up Data Buffers

16:20 @2/12/86 )

JTR 12:59 24/08/88 )

nterrunt Vector )

)

JTR

s Initiate Interrupt Rautire )

{ Set~up Interruot Vec }
({ Set~up Data BRuffers )
{ Enable intevrrupt Mask )

PRES.BUF @® U. CR

13:47

and Code Rddr)

1@/30/83

12:39 a4/28/88 )

a:cts. sor




Screen # 24
{ Display and Command Table Variables JTR 11:22 D4/08/88 )

VARIABLE 7?DATA @ ?DATA ! ( Data taking Flag @ - Takimg Data )
VARIARLE ?5TORING © ?STORING ! ( Storage Flag @ - Storing )
VARIABLE STOR. POINT ( Data storage memory pointer )
VARIABLE FRAM.STOR @ FRAM.STOR ' ( Data Frames Stored )
VARIABLE ELAPS. TIME ({ Elapsed time for table, sec )
VARIARLE CUR. ENT { Current Entry from table )
VARIARBLE START. TIME ( Start time for table, sec )

: TOGB.DRTA ( -— , Togple ?DATA )

7DATA & NOT DUP ?DATA ! ( Set Flag )

IFf START.DR ELSE STOP.DR THEN 3 ( Start/stop Data Rate)
: TOG.STOR ( -~ , Tagple ?STORING )

PSTORING @ NOT ?8TCRING ! 3 —--

Serean # 23

{ @DATA. JTR @3:41 @Z/25/88 )
CODE @DATA ( ADDR Seg —— N, Fetch Data from data buffer )
DS pCE { Get Segment

BX POP { Get Data Address !}
AX, tBx3 May { Get 2 Bytes )
BX, AX Moy { Save )
AX, cs MoV { Restore DS )
bs, AX May
BX PUSH ( Place on Stack )
NEXT, E£ND-CODE
ON/OFF { F —-—  , Print ON  or OFF )
IF " ON " ELSE ." OFF " THEN ;

-=)

Screen # 26

{ BLAT.DATA JTR 14:53 @2/Cw/88 )
: BLAT.DATA ( -~ Nn ... Nil, Fetch {atest Data )
DRTR. BYTES @
a3 DO
DRTAR.POINT ® I - 1 - PRES. BUF @
BDATA
2 +L0ap
-=)
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Screan # 27
( .DATA JTR 12:47 O2/25/788 )

: . DATA ( ~= , Display Latest Data )
BLAT. DATA
«" Count
." Wavelenagth
" Flags

" 8 4U.R CR

" puUp 1023 AND 8 U.R CR

n 2= s 255 AND 8 BINARY UL R
DECIMAL CR

<" Command . v 256 7 15 AND 8 U.R CR CR

H =)

Screen # 28
{ .DRTE/TIME JTR 11:02 w4/08/788 )

: .DATE/TIME ( —— , Print Date and time )
@DATE 256 /MDD SWAP
." Day " . ." . Month " .
LY, Year " . 8 SPRCES
@BTIME SWAR 256 /MOD .
Lo " . 256 /MDD .M : " . DROP
3 SPACES CR ;

: LSTATUS { -— , Status Disolay )
CUR.COM @ ." Current Command - " . CR
IDARTA @ ." Data Takino - " ON/OFF 12 SPRCES
28TORING @ . " Storing Data - “ ON/7OFF  CR
ELARS.TIME @ ." Elapsed Time - " 8 U.R 8 SPRCES
CRAM.STOR @ . " Frames Stored - U U, 4 BPACES CR 3 -
Screen # 29
( DISPLAY , COmM.LINE JTR 12:43 @2/235/88 )
: DISPLARY ( —— , Standard display )
@ @ GOTOXY
1@ SPACES ." RSI CALIBRATION AND TESTING " CR CR
.DATE/TIME CR
.DATA CR
. 8TATUS CR
." Active Keys ~ " CR
_ @ - 7 Send Command " CR
. D - Toggle Data Taking T - Run Command Table'" CR
. s - Tognle Data Storage @ - CGuit Program " CR 3
: COM,LINE ¢ -—- , Move cursor to clear command line )
@ 232 GOTOXY 62 SPACES @ 23 GOTOXY
-=)
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Screen # 3@
( File Storape Support JTR 13243 @/18/792 )
DOSINT ( Load PCDOS vocabulary )

HANDLE FILE1L
VARIARLE WRUF 1@2@ ALLOT ( Write Buffer )
VARTIABLE WLEN @ WLEN ! ( Lenpgth of WBUF text strirao
WRITELLINE ( —-—  , Write line from WBUF to disk )
FILEL WLEN @ DUR YR WBUF WRITE
IF COM,LINE . Write error * CR QUTT THEN
R O
IF CR .” Media Full " CR QUIT THEN
@ WLEN ' 3

ADD.SP  ( —— . PRdd space to WBUF )
32 WBUF WLEN @ + (O ( ASCII Sonace 32 )
1 WLEN !
)
Screen # 31
{ Storage suoaort JTR @3:41 Q&/25788 )

ADD. NUmn ( N —— , Adds number to WBRUF )
Q (= &5 #)
2 DO DUR CE WBUF WLEN @ + C!
i WLEN +1 Lo+ LO0R DRIP ADD. SR

ADD. CR ( ~— « Add CR and LF to WBUF )
13 WBUT WLEN & + DUP ROT ROT T+ ( CR
1 + 1@ SWwRp C! ¢ LF
2 WLEN o+ ( caount )

GREN.IT

TILELD OPEN-FILE
IF COMLLINE .7 Can’t aoen file” CR QUIT THEN 3

——
/

Screen » 32

( Storage suopeort JTR 13:56 @3/12/9& )
GET-FILINAME ( —— , Enter File name )
COMm. LINE

"
.

Enter Path and Filerame: "
FILEL INPUT-FILENAME (R
FILEL MAKE-FILE DROR OPEN.IT ¢

: CLOSE.LIT FILEL CLOSE~FILE DROR

ADD.DATE ( -—--  , Add Date and Time to WBUF )
ADD.CR @DATE SWARP ADD. NUM
236 /MOD  ADD. NUM ADD. NUM
GTIME SWARP Z5& /MOD ADD. NUM ADD. NUM
256 / ADD.NUM ADD.CR ADD.CR
WRITE.LINE ; -}
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Soreen # 33
( FILE.HERD JTR 13:15 @a2/25/86 )

: FIND.LEN ( —— . Find Lenpth of WBUF )
2 WLEN ! WBUF @ BEGIN
ZDUP  + CE WHILE
1 WLEN +! | + REPEAT DROP DROP ;

: FILE.HEAD ¢ -~ , Get file HMeading )
COMLLUINE " Ewvter File Headirng @ "
WBUF &4 DUR WLEN ! EXPECT ( Get Text String )
FIMD.LEN ADD.CR ADD.CR ( Number of Char )

WRITE.LINE

Scoreen # 34

{ STORE. BUF JTR (i@l @4/28/88 )
: STORE. BUF ( —— , Store buffer aorn disk )
@ STOR. POINT ! ADD. DATE
RUF.LEN @ @ DO ( Entive buffer )
FRAM, STOR @ QDD. NUM
1 FRAM.STAOR +! { Frame count )
DATA.BYTES & @ DO ( Orne data Frame )
NEX.RUF.STOR @ STOR. SQINT @& @ ( Get Datum ?}
ADD. NUM ( RAdd to WRUF )
& STOR. DCINT  +!
2 +..00P ADD.LCR { Add CR )
WRITZ.LINE
DATALRBYTES @ +L.00P ( Next Data “rame )

OREG. BUF @ NEX. BUF.STOR ! 3

Screen # 39

( STORE. BUFF JTR @9:43 @Q2/25/788 )
P8TORE. BUFF ( -~ , Store Buffer to Disk )
P78TORING @ { Staring 7 )
NEX.BUF & NEX.BUF.STOR 8 = AND ( Buf Full 7 )
IF STORE. BUF { Store buffer )
THEN 3
: 870pR ¢ --  , 8Btop the oragram )

CLOSE.IT 8STOR.DR MASK COM.LINE ;

—=)
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Screerv # 36

( TARLE Suoport JTR 11:22 04/08/88 )
: ENTER ( N ADDR -—- , Make entry intc table )

sWAP , , 3 { Move address and time into memnary )
: @8EC ( ~— N, Get number of seconds today )

EBTIME 256 /MOD SWAP DROP SWAP ( Get seconds )
256 /MOD 6 ~ 62 % + &8 * + i ( Hours and minvtes )

'START.TIME ( —— |, Bet start time )
BSEC START.TIME '

: BELAPS, TIME ( -~ N, Get elasped time )
ESEC START.TIME & -~ DUP ELARS., TIME 3

Screen # 37

( SERVICE TABLE JTR 11:22 24/08/88 )
: RESTART.TABLE ( -- , Restart Table )

'BTART. TIME GELAPS.TIME DROP @ CUR.ENT !
T ENDLTABLE (-~ , End the Table )

@ [’3 RESTART.TABLE ENTER ; ( Last entry )

-}

Screen % 38
{ Table Commancs JTR @3:43 @2/25/88 )

STORE ( -~ , Btart Data Staring )
-1 ?8TORING ! ;
: COM.#1 ( - | Issue Command # 1 )
1 PULSE, COM :

: COM.#@3 ( —— , Issue Command # @ )
¥ PULSE.COM ;
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Screen # 39
( COMMAND. TABLE

—~——— - - —

JTR @3:43 02/25/88 )

VARIABLE COMMAND. TABRLE -2 ALLOT { Memary Heading )
{ Time i Command ENTER )

1@ ' COM. #1 ENTER

20 ! COM. #@ ENTER

3@ ' COM, #1 ENTER

4 Y COM. #@ ENTER

END. TABLE --)

Screer # 45
( Service Commarnd table

TABLE. EXEC
COMMAND. TREBLE + 2 + @

EXECUTE
CUR.ENT @ 4 + CUR.ENT !
TIME.CHECK ( =~ F ar N, T .

COMMAND, TARLE CUR.ENT @

iF CUR.ENT & -1 ELSE
COMMANDS ( —— Ruri Commawrd
RESTART. TARLE BEGIN
TIME. CHECK

ELSE DISPLAY

JTR 11:23 Q4/a8/88 )

( N-- , Execute from Table !}

{ Caloculate address )
{ Execute the command )
; ( Iterate Current Evitry )
Compare Time )
+ B RELAPS, TIME (=
@ THEN ;
Table )

FTTERMINAL NOT WHILE
IF TABLE.EXEC

( time for rnext com 7 )
( Refresh display )

T8TORE. BUFF

THEN REPEAT
KEY DROP @ ELAPS. TIME

Soreen # 41

'3 ( Any key ta stoo ) —-)

( KEY Furictions JTR 13:58 @2/12/92 )
SERV. KEY { -= , Service Keybcard )
PTERMINAL IF KEY { ¥ey pressed 7 )
DUP DUR ASCII @ Y= SWAP ASCII 7 <= AND ( @ - 7 7))

IF DUP ASCITI @ -~

DUP ASCII D = IF
TOG.DATA  THEN
DUP ASCII S = IF
TOG. STOR  THEN
DUP ASCII T = IF
COMMANDS  THEN
DUP ASCII @ = IF
STOP QUIT  THEN
DROP THEN ;

~aboratory Microsystems BC/FORTH 3. @

PULSE. COM THEN ( Sewnd Com )
(D 7))
( Set flag )
¢ 8
( Bet flag )
¢ T
{ Rury Table

( Quit )

13:49 1Q/30/78% a:cts. sor
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Screen # 42
{ RUN

RUN ¢ =-— , Run test )
INIT.CTS
INIT. INTER
CLEARSCREEN DISPLAY
GET-FILENAME FILE.HEAD
BEGIN 1 WHILE
DISPLAY
SERV. KEY
?STORE. RUFF

o~

JTR 11:04 04/08/88 )

Initiate system )

Set—-up Monitor )
Set-up Disk File )
Infinite lcoop )

REPEAT ( Exit ar key G )

Screen # 43

Screern # 44
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Py VU

WoONGOOLbWNKHEO

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
ok

PN NI SN SN PN PN PN SN SN PN PN N PN NN AN A

PN SN PN PN PN PN NN PN PN PN N PN N s

CALIBRATION & TESTING SYSTEM CTS
Variables

INIT.VAR, CTS.ADDR

Store Data Rate Parameter
Store Enable Rate Parameter
Store Bit Count Parameter
Start Data Rate, Reset Data
Reset Enable, Send Command
Read FIFO, Shift FIFO

Clear FIFO

SET.DATA.RATE, SET.ENABLE.RATE
INIT.CTS

WAIT, MSEC

SEND.COM

FDOS.EX

Set-up Interrupt

@IMR, !IMR, RESET. MASK
RESET.MASK, MASK 8259A
Interrupt Service 1
Interrupt Service Cont. 2
Interrupt Service Cont. 3

Rate

of 8259A

SET.BUFFERS

Interrupt test

Display and Command Table Variables

@DATA,

OLAT.DATA

.DATA

.DATE/TIME

DISPLAY , COM.LINE
File Storage Support
Storage support
Storage support
FILE.HEAD

STORE.BUF

STORE.BUFF

TABLE Support
SERVICE TABLE

Table Commands
COMMAND.TABLE
Service Command table
KEY Functions

RUN
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JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JIR
JTR
JTIR
JTR
JTR
JTR
JTR
JTR
JTR

JTR

JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR
JTR

10:57
10:57
10:58
09:40
09:40
09:40
11:17
11:17
11:17
11:17
12:30
12:32
10:58
13:20
11:37
11:05
10:58
09:41
15:54
11:58
15:55
16:20
10:59

10:59
10:59
09:41
14:53
12:47
11:02
12:49
13:43
09:41
13:56
13:15
11:01
09:43
11:02
11:02
09:43
09:43
11:03
13:58
11:04

04/08/88
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02/25/88
02/25/88
02725788
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04/08/88
04/08/88
04/08/88
10/30/85
10/30/85
04/08/88
02/724/88
12/26/88
04/08/88
04/08/88
02725788
03720786
02/712/86
03720786
01712786
04/08/88

04/08/88
04/08/88
02725788
02/24/88
02/25/88
04/08/88
02725788
02/12/92
02/25/88
02/12/92
02/25/86
04/08/88
02725788
04/08/88
04/08/88
02/25/88
02/25/88
04/08/88
02/12/92
04/08/88
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t
Screen # @ .
( CALIBRATION & TESTING SYSTEM (CTSD JTR 11:37 @4/08/88 )
( tLast change: Screen Q13 JTR 11:37 Q4/28/88
APPENDIX D

DUAL INSTRUMENT SOFTWARE
VERSION 1.1}

Copyriopht (c) 18383

Research Suoport Instruments, Inc.
12614 Reaver Dam Road
Cockeysville, Marvland 21@3@

Written By:
Tom Riley

=ILE: CTSD,SCR

Screen # 1

( Variables JTR 11:96 @4/28/88 )
: MARK ; ASMBE DOSINT ( Marks start of application words )
VARIABLE DRTA.RATE ( Data clock rate in DecadHz., 1@'s )
VARIARLE ENABLE. RATE ( Enmable Rate in Hz )

VARIABLE DPRTA.BRITS { Number of data bits )

VARIABRLE CUR.COM™ @ CUR.COM ! ¢ Current Command}
VARIABLE DATA.EBYTES ( Number of data Bytes )
HEX

VARIARLE DATA.POINT { Data Paointer )

42 CONSTANT BUF#1, DS ( Ruffer #1 DS Register )
LBrg CONSTANT BUFHES. DS ( Buffer #2 DS Regpister )
VARIABLE BUF.LEN ( Buffer Lencth )

_ VARIABLE NEX. BUF { Next Buffer DS )

VARIABLE PRES. BUF ( Prasent Buffer DS )
VARIABLE NEX.BUF.STOR ——) ( Next Buffer to Dizic DS )
DECIMAL ~—>

Screen # =

( INIT.VAR. CT3.ADDR JTR 11:27 24/26/88
DECIMAL
TNIT, VAR ( —-— , Initialize application variables )
DeECIMAL ( Change initial values here )
1022 DATA. RATE ! { DecaHz., 10,000 H=z )
1@ ENABLE. RATE ! ( Hz )
96 DATA. BITS ! ( bits )
2 1224 * DATA.BITS @ -~ 1 - BUF.LEN ! ( Bytes )
DATA.BITS @ 15 + 16 / 2 +# DATA.BYTES ! H
{ divisiable by 8, ever number )
HEX
300 CONSTANT CTS.ADDR ( Base address of CTS card )
3 CONSTANT INTERRURTH# ( Interrupt Number )

DECIMAL --)

~aboratory Microsystems PC/FORTH 3. 0@ 13:26 las3e/83 a:cted. scr
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Screen # 3
( Store Data Rate Parameter

JTR 13:54 @3/07/88 )

HEX
CODE DR! { N -— , Store Data Rate Parameter on card )
DX, # CTS.ADDR 3 + MQV ( Clock Mode Port Address)
AL, # 36 MOV ( Set Mode, Clk @ Sa Wav)
DX, AL auTt
DX, # CTS.ADDR MOV ( Parameter Port )
AX prOR ( get n from stack)
DX, AL ouT { LSB )
AL, AH Moy ( Next RBRYTE)
DX, AL ouT ( MSE )

NEXT, END-CODE -

Screen # 4
({ Store Enable Rate Parameter

COope  £R! ( N —— , Store Ernable Rate Rar
DX, # CTS.ADDR 3 + MOV ( C1
AL, # 74 MOV ( Set Mode,
DX, AL ouT
DX. # CTS.ADDR 1+ MOV { Pa
AX POR ( pet
DX, AL ouT ( LSE
fL., AH MOV DX, AL QuT (M
NEXT, END~-CODE -}

=

Screen # O

{ Store Bit Count Parameter

CODE BN! (N -~ , Store Number of Bits
DX, # CTS.ADDR 3 + MOV ( C1
AL, # B4 MOV  ( Set Mode,
DX, AL ouT
DX, # CTS.ADDR 2 + MOV ( Pa
AX PpPOP ( oet
Dx, AL ouT ( LSE
AL. AH MoV ( Next
Dx, Ai_ ouT ( MSR
NEXT, END—-CODE

-}
Laboratory Microsystems PC/FORTH 3. 00

- 327 -

JTR @3:4@ @2/25/88 )

ameter on card )
cock Mode Port Address)
CLK 1 RATE GEN )

rameter Port )
i from stack)
)

SE)

JTR @39:42 @2/25/788 2
an cara
ack Mode Port RAdoress)
CLK & RATE GEN )
ramaeter Port )
rn from stack)
)
BYTE)
)
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Screen # 6

{ Start Data Rate, Reset Data Rate JTR 11:@7 24/28/88 )
CODE START.DR ( -- , Start Data Rate)

DX, # CTS.ADDR &8 + MOV ( Pocrt Address )

AL, # 2a mayv ( Any number )

DX, AL ouT { write to address)

NEXT, END-CODE
CODE STOP.DR ( —-— , Reset Data Rate)

DX, # CTS.ADDR 4 + MOV ( Part Address )

AL, # 2@ MoV ( Any number )

DX, Al auT ( write to address)

NEXT, END-CODE

Screen # 7

{ Regset Enable, Send Command JTR 11:@7 @4/28/88 >
CODE RESET.E ( —— ., Reset Enable)

DX. # CTS.ADDR C + MOV ( Port Address )

AL, # o7 MOV { Any number )

DX. AL ouT ( write to address)

NEXT. END-CODE

CODE COMMAND'! { N ==, Issue Caommand )
AX pPoR ( get n fraom stack]
DX, # CTS.ADDR 1@ + MOV ( Port Address )
DX. AL ouT ( write to address)

NEXT. END-CODE

-

Screen # 8

( Read FIFO, Shift FIFO JTR 11:08 24/28/88 )
CODE @FIFC ( ——- N, Read FIFQ)
DX, # CTS5.ADDR 14 + MOV ( Port Address )
AL, DX IN { Read 1 Byte )
AH, # @ MOV
AX PUSH
NEXT., END-CODE
CODE GSHIFT.FIFO ( —— , Parallel Shift FIF3 for next byte )
DX, # CTS.ADDR 18 + MmOV { Port Address )
AL, # o0 MoV ( Any numbey )
DX, AL ouT ( write to address)

NEXT. END-CODE

Laboratory Microsystems PC/FORTH 3. 0@ 13:27 12/30/83 a:ctsd. scor
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Screen # 9

( Clear FIFO JTR 11:46 1@/30/85 )
CODE CLERAR.FIFQ ( -- , Clear FIFQ completely )

DX, # CT5.ADDR IC + MOV { Port Rddress )

AL, # Q@ may ( Anyriumber )

DX, AL ouT ( write to address)

NEXT, END-CODE

DEC IMAL

Screen # 1@

{ SET.DATA.RATE, SET.ENABLE.RATE JTR 1i2:30 10/30/85 )

. GcT.DATA.RATE ( N —— , Set Data Rate )
2385 SWAP 120 SWAP  */ { corvert to parameter )
DR!' 3

: SET.ENABLE.RATE ( N —— . Set Eviable Rate )
DATA.RATE @ 1@ 4 */
SWaP /
ER!

SET.DATA.EBITS ( N ~- , Bet rnumber of data bits )

pUP 256 » IF DROP 256 THEN { less than 256)
BN g { store )

Screen # 11
( INIT.CTS JTR 1@2:32 1@/3@/85 )

:+ INIT.CTS ( — , Initiate CTS card )
INIT. VAR
STOP.DR
RESET. E
2 COMMAND!
CLEAR.FIFO
DATA.RATE @ SET.DATA.RATE
ENARLE. RATE @ SET.ENABLE.RATE
DATA.BITS @ SET.DATA.BITS
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Screen # 12
( WAIT, MSEC JTR 11:@8 @4/08/88 )

: WAIT (N — , Short delay )
@ DO LOCP

MSEC (N ~— , delay in milliseconds )
@ DO 36 WARIT LOOP ;

-=)

Screen # 13
( SEND.COM JTR i3:28@ @2/24/88 )

: SEND. COM (N -- , Send CTS command as Level )
DUP 8 Y IF DROP @ THEN { Less than 8
DUR 1 < IF DROP @ THEN { Greater than 1 )

DUR  CUR.COMm ! { Current command )
2 SWAA BEGIN DUP WHILE
1- SWAP 2% SWAR REPEAT ( Shift to bit )
DROP 2/ &/ COMMAND ' ¢
: BULSE.COM ( N —— , Send CTS command as Pulse 2 )
DUP CUR.COM ! { Update Current Command )}
DUR SEND. COM ( Set Bit)
12@ MSEC ( wait )
( @ SEND.COM { @ Bits )
CUR.COM ! { Store last command )

;. =)

Screen # 14

( FDOS.EX JTR 11:37 12/26/88 )
HEX
CODE FDOS.EX ( AX, DS, DX —- AX, BX , Externded FDOS )

DX ROP DS pPOP AX POP ( Load PRParameters )

SI PUSH BP PUSH { Conserve pointers )

21 INT { Call DOS Interrunt )

BR POP SI POP ( Restore Pointers )

AX PUSH BX PUSH ( Return results )

NEXT, END-CODE

Laboratory Microsystems PC/FORTH 3. 00 13:27 10/30/789 a:ctsd. scr

- 330 -




Screen # 19

( Set—up Interrupt JTR 11:16 94/08/88 )
CODE @CS ¢ -— N , Feteh CS repister )
CS PUSH NEXT, END-CODE
CODE DS { -~ N , Fetch DS register )
DS PUSH NEXT, END-CODE
CODE SOFT. INT ( - o Lall Interrupt from Software )
13 INT

NEXT, END-CODE

Screen # 16

( ®IMR, !'IMR, RESET. MASK of 8390 JTR 11:28 v4/08/88 )
FEX
CODE ®IMR ~— N, Read Interrupt Masw« Register of 825595R )

(
# =1, AL IN
AH, # @ MOV

AX PUSH
NEXT, END—-CODE

CODE 'IMR ( N -- , Store Interrusnt Mask Repister )
AX pop

# 21, AL 4QUT STI ( Erable interrupt )
NEXT, END-CODE

Screen # 17

( RESET.MASK, MASK 8&5%A JTR @9:41 @z2/25/88 )
RESET.MASK ( -- , Reset 82539 Interrupnt Mashk )
@IMR ( Read Mask )
1 INTERRUPT# SHIFT NOT { & in correct bit )
AND ! IMR ;3 ( Stare Mask )
: MASK ( -~ , Mask 82859 Interrupt Mask )
RIMR ( Read Mask )
1 INTERRUPTH# SHIFT (1 in correct bit )
OR 'IMR { Store Mask )
-)
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Screen # 18
( Interrupt Service | JTR 15:54 @3/20/86 )
HEX
CODE INTER.SERV ( —--— , fAssembly Interrupt Service Routine )
PUSHF AX PUSH BX PUSH CX PUSH DX PUSH ( Save )
BP PUSH SI PUSH DS PUSH DS PUSH ( System Configure
AX., C8 MOV DS, AX MOV ( C8 to DS )
AX, DATA. BYTES MOV CX, AX MOV ( Count Data Bytes )
1%: AX, DATA.POINT MOV BX, AX MOV ( Data Pointer )
AX, PRES.BUF MOV DS, AX MOV ( Data Segment )
DX, # CTS.ADDR 14 + MOV ( READ FIFQO
AL, DX , IN ( Read FIFO )
ftBx1, AL MoV ( Store Ryte )
DX, # CTS.ADDR 18 + MOV ( Shift FIFO0 )
DX, AL ouT
-
Screen # 15
( Interrupt Service Conmt. 2 JTR 11:37 @04/28/88 )
AX, s MoV D5, AX MOV ( €8 ta DS )
WORD DARTA, POINT INC { Increment Data Pointer )
CX DEC ( Reduce count )
AX, CX mov AX, AX AND ( Set flan)
is JNZ
DX, % CTS.ALDR IC + ™MOV ( CLEAR FIFD )
DX, aqL guT ( Clear FIFQ )
ax., CS w~mov DS, AX ™mMBV ¢ CS tao DS D
AX, BUF. LEN MoV ( End of Buffer )
BX, DATA. POINT MmOV
AX, BEX cmp
2% JNL
-
Screen # 22
( Interrupt Service Cont. 3 JTR 15:58 @3/20/86
AX, PRES. BUF MOV ( Swap DS of Present )
BX, NEX. BUF MOV ( and Next Buffer )
PRES. BUF , BX Moy
NEX.BUF , AX MoV
AX, # 2@ mov ( Zera Pointer )
DATA. POINT , AX MOV
2%: DX, # CTS.ADDR C + MOV ( Reset Card Interrupt )
DX, AL ouT { Any number aut )
DX, # 2@ MOV AL, # 2@ MOV ( Reset 82I59A )
DX, AL ouT

DS PORP CS ROP

SI POP BP POP

( Restore )

from Interrupt

)

DX PORP CX POP BX POP AX POP POPF
IRET END-CODE ( Return
DECIMAL --)

Laboratory Microsystems PC/FORTH 3.00
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Screen # 21
{

16:20 @2/12/86 )

Soreen # 22
( SET.BUFFERS JTR 11:@3 @4/08/88 )
HEX
: SET.INTER.VEC ( -~ , Set Interrupt Vector )
25 122 * INTERRUPTH 8 + +
@GCS ('] INTER.SERV & +
FDOS. EX DROP DROR

( Sector and Code Addr)

: SET.BUFFERS ( -~ , Set-uon Data Buffers )
BUF#1.DS PRES.BUF !
BUF#2, DS NEX.BUF !
BU#1.DS NEX.BUF.STOR !
@ DATA. POINT ! 3

-=)

Screen # 23
{ Interrupt test

JTR 11:09 @4/08/788 )
HEX
: INIT.INTER (¢ ~-—

s Iritiate Interrupnt Rautine )
SET. INTER. VEC

( Set-up Interrupt Vec )
SET.BUFFERS ( Set—up Data Buffers )
RESET. MASK ( Enable interrupt Mask )
i
DECIMAL
TEST ( N —— , INTERRUPT TEST )
2 DO
DATA. POINT @ U. PRES.BUF @ U. CR
Loap

-=)
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Screen # 24
( Display and Command Table Variables JYR i1:10 @a4/28/88 )

VARIAEBLE ?DATA @ ?DATA ! ( Data takivg Flam @ - Takimg Data J
VARIARLE 78STORING @ 78TORING ' ( Storage Flag @ - Storinn )

VARIABLE STOR. POINT ( Data storage memory pointer )
VARIABRLE FRAM.STOR @ FRAM.STOR ! ( Data Frames Stored )
VARIABLE ELARS. TIME ( Flapsed time for table, sec )
VARIARLE CUR. ENT { Current Evtry froam table )
VARIARLE START., TIvME ( Btart time for table, sec )
: TOG.DATR { —-— , Togole ?DATA )

DATA 3 NOT DUR ?DATR ! { Set Flao )

I7 3TART,.DR TL8E STOBR. DR THEN 3 ( Start/stoo Data Rate?

TCG.8TOR (-, Touole ?P3TORING O

TSTORING @ NOT ?8TORING ! ¢ ——)
Soreen # 25
{ #DATA, JTR @9:41 d2/25/788 )

COD= &DRTA ( ADDR Seg ——- N. Fetch Data from data buffer )

DS nop { Get Segment )

EX pO= ( Get Data Rddress )
ax, {BX2 MoV ( Set & Bytes )

BX, AX mov ( Save )

ax, o8 Moy { Restore DS )

DS. X MOV

=X 2LigY ( Place on Stacx

NEXT, SAD-CODE

s ONJOFE ¢ F == L Print ON oy OFF )
IE LT ON Y ELSTE LM OFF " THEN

Screen # 26

3..AT.DATA JTR 14:83 QE/324/86 )
RLAT.DATA « - MY ... NI, Fetch Latest Data )
DATA, BYVES @
2 DO
DATA. POINT @ I - 1 - PRES. BUF (8
EDATA
2 +00P
)
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[ o

Scoreen # 27

{ .DARTR JTR 14:22 Q3/Q07/88 )
: .DATA { —= , Display Latest Data )
@LAT. DATA . " Master Count : Y 8 U.R CR
.Y Master Wavelength : Y DUP 1223 AND 8 U.R CR
. " Master Flagps : " 256 / 259 AND 8 BINARY U.R DECIMAL
CR
. Master Command : Y DUP 256 7/ 15 AND 8 U.R CR
ShE 1+ 8P
L RBlatform Angle = " DUP 8191 AND 8 U.R CR
. " Platform Flags " 4296 s 7 AND 8 BINARY U.R DECIMAL CR
. Blave Count : " 8 U.R CR
." 8lave Wavelenoth 1 7 DUP 1223 AND 8 U.R CR
." Slave Flags Y OEE6 / 255 AND 8 BRINARY ULR
DECIMAL CR
. " Slave Command : " DUP 286 / 1S AND 8 U.R CR CR
SPE 1~ 5P DRGP ~—}
Screen ¥ 28
{ .DATE/TIME JTR i1:11 @4/@8/88 )
JDATE/TIME ( —— , Print Date and time )

®DATE 256 /MOD SWAP

." Day " . ." , Mconth ©

." , Year " . 8 SDPACES
ATIME SWAP 256 /MOD
L1 ", 256 /MDD . : " . DROP
9 GPACES CR ;

L STRTLIS ( -~ L Status Display )
CUR.COM & ., " Current Command - " . CR
IDATA @ .M Data Takinn ~ " ON/OFFE LE SPPCES
PE8TORING @ . " Storinn Data - " ON/OFE CR
ELARS. TIME @& . Elasped Time - " 8 U.R 8 5pPRCES
FRAM, STOR @ . " Frames Stored - " U. 4 QPARCES CR § -~

Screen # 293

{ DISPLAY ., COM.LINE JTR @3:51 @2/25/788 )
DISBLAY ( -—- , Standard display )
@ @ GOTOXY
i SPACES ," RSI CRLIBRATION AND TESTING " CR CR
.DATE/TIME CR
.DATAH
.8TATUS CR
."” Active Keys - * CR
- @ ~ 7 Send Command " CR
L D - Toogle Data Taking T -~ Run Command Table" CR
. s - Togple Data Storape G - Quit Procram ” CR
COM.LINE ( ~-— . Move cursor to clear command line )

@ 23 GOTOXY 68 SPACES @ 23 GOTOXY ;
—....)
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Screen # 30
( File Storage Support JTR 13:54 @3/27/88 )

HANDLE FILEL
VARIARBLE WRUF 1@@ ALLOT ( Write Buffer )
VARIABLE WLEN @ WLEN ! ( Length of WBUF text string )
: WRITE.LINE ( —— , Write line from WBUF to disk )
FILEYL WLEN @ DURP >R WBUF WRITE
I COM.LINE . " Write errar " CR QUIT THEN

R O
IF CR ." Media Full " CR QUIT THEN
& WLEN !
: ADD.SP ( —— , Add space to WBUF )
32 WBUF WLEN @ « (! ( ASCII Space 32 )
1 WLEN +' 3
—~—}
Screen # 31
{ Storane support JTR @3:41 22/25/88 )

ADD. NUM N o~
@2 (H#H #G #)

@ DO DUP C@ WBUF WLEN & + C!
i WLEN +! 1 + LOOP DROP ADD. SP

, Adds rnumber to WBUF )

.
a

ADD. CR ( =~ , Add CR and LLF to WBUF )
13 WBLUF WLEN @ + DUP 20T ROT C! ( CR
I+ 1@ SWAP ¢! C LF )
& WLEN  +! ( count )
CREN.IT FILEL OPEN—-FILE

IF COM.LINE ." Can't voen file" CR QUIT Tw4EN

-
&

Screen # 32
( Starage supoort JTR 13
: GET-FILENAME ( ——- , Enter File riame )
COM. LINE
" Enter Path and fFilername: v
FILEL INPUT-FILENAME CR
FILEL MAKE~FILE DROP OPEN. IT

68
4]
m
s
i
~.
-
T
~
)
fu

: CLOSE.IT FILE1l CLOSE-FILE DROP
ADD.DATE ( -~ , Add Date arnd Time to WRUF )
ADD. CR @DATE SWAP ADD. NUM
256 /MOD ADD. NUM ADD. NUM
@TIME SWAP 256 /MOD ADD. NUM ADD. NUM
256 / ADD.NUM ADD.CR ADD.CR

WRITE.LINE g -=)
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Screen # 33

{ FILE.HERD JTR 13:15 @2/25/86 )
: FIND.LEN ( -—-— « Find Lenpth of WBUF )
2 WLEN WRUF @ BEGIN

[}
2DUP + C® WHILE
I WLEN +!' 1 + REPEAT DROP DROP ;

: FILE.HEAD ¢« -—- , Get file Heading )
COM, _INE ." Enter File Headirng : "
WBUF &4 DUP WLEN ! EXPECT ( Get Text Strinog )
FIND.LEN ADD.CR ADD.CR ( Number of Char )

WRITE.LINE g

Screen # 34

{ STORE, BUF JTR 11:12 Q04/28/88 )
: STORE. BUF ( ~—= L, Store buffer aorn disk )
@ STOR., POINT ! ADD. DATE
BUF.LEN @ @ DO ( Entire buffer )
FRAM.STOR @ ADD. NUM
1 FRAM.STOR +! ( Frame count
DATA. BYTES @ @ DO ( Ore data Frame )
NEX.BUF.STOR @ STOR.POINT @ 3L ( Get Datum )
ADD. NUM ( Add to WBUF )
2 STOR. POINT  +!
Z +L00P ADD.CR ( Add CR )
WRITE.LINE
DRATA.BYTES & +1.00P ( Next Data Frame )

PRES. BUF @ NEX. BUF.STOGR !

Screen # 35

{ STORE.BUFF JTR @9:43 @2/25/88 )
: ?8TORE. BUFF ( —-— , Store Buffer to Disk )
?STORING @ ( Storing ? )
NEX.BUF @ NEX.BUF.STOR @& = AND ( Buf Full 7?7 )
IF STORE. BUF ( Stocre buffer )
THEN &
S5TOPR ( -- 4 Stop the proaram )

CLOSE. IT STOR.DR MASK COM.LINE
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Screen # 36

( TABLE Support JTR 11:13 04/08/88 )
: ENTER ( N ADDR -- , Make entry into table )

SWAR , ., 3 ( Move address and time into memory )
: BGEC ( =— N, Get number of seconds today )

@TIME 256 /MOD SWAP DROP SWAP { Get seconds )
256 /MAOD & ~ 6@ * + 62 * + 3 ( Hours anmd minutes )

: 'START. TIME ( —-—— L, Get start time )
®EEC START.TIME !

: BELAPS.TIME ( —-- N . Get elapnsed time )
BSEC START.TIME & -~ DUP ELAPS.TIME !

—=)

Gereen # 37

{ SERVICE TRARLE JTR @3:43 @2/25/88 )
: RESTART.TABRLE ( -~ , Restart Table )

'START. TIME @ELASP.TIME DROP @ CURJENT ! 3
: ENDLTRABLE ( -~ , End the Table )

@ '3 RESTART.TABLE ENTER : ( Last entry )

-~}

Screen # 38
( Taonle Commands JTR @3:43 Qd2/25/88 )
1 8TORE ( -- , Start Data Storing )

-1 ?STORING ! 3
: COM.#L ( —— , Ilasue Command # 1 )

1 PULSE.COM ;
: COM. 830 ( —— , Issue Command # @ )

@ PULSE.COM :
—-)
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Screen # 39
( COMMAND. TABLE

VARIABLE COMMAND. TABLE -2 ALLOT
{ Time ! Command ENTER )
1@ T COM, #1 ENTER
2a 1 COM, #0 ENTER
30 Y COM, #1 ENTER
4@ Y COM., #2 ENTER
END. TABLE -}
Screen # 4@
( Service Command table
: TABLE.EXEC ( N—— , Execute from Table )

COMMAND., TARBLE + 2

EXECUTE

+ @

CURL.ENT @ 4 + CUR.ENT !
t TIME.CHECK ( —— F ar N
COmMMAND. TRBLE CUR.ENT &

v T

JTR @9:42

( Memory Heading )

@ez2/25/788 )

JTR 11:14 @4/08/88 )

{ Calculate address )

({ Execute the commarnd )
3 ( Iterate Current Entry )
Compare Time )
+ & Q@EELAPS. TIME

IF CURLENT @ -1 ELSE & THEN 3
: COmMMANDS ( ~- Run Cammand Table )
RESTRRT. TRBLE BEGIN ZTERMINAL

ELSE DISPLAY ( Refresh display )
PSTORE. BUFF
THEN REPEAT
KEY DROP @ ELAPS.TIME ' 3 { Any key to ston ) —~-—)
Screen # 41
( KEY Functions JTR 13:88 @2/18/9%2
: SERV.KEY ( —- , Service Keyboard )
PTERMINAL IF KEY ( Key pressed 7 )
DUP DUP QASCII @ Y= SWAR ASCII 7 (= AND (@ - 7 7
IF DUP ASCII @ - PULSE.COM THEN ( Send Com )
DUP ASCII D = IF (D7)
TOG. DATA THEN { Set flag )
DUP ASCII & = IF (s
TOG.5TOR THEN ( Set flag
DUP ASCII T = IF «T)
COMMANDS THEN { Run Table )
DUP ASCII G = IF
STOP QUIT THEN ( Quit )
DROP THEN 3
-=)
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Screen # 432
{ RUN JTR 11:15 @4/28/88 )
: RUN ( —-— L, Run test )
INIT.CTS { Imitiate system )
INIT. INTER
CLEARSCREEN DISPLAY { Set-up Manitor )
GET-FILENAME FILE.HERD ( Set-up Disk File )
BEGIN 1 WHILE ( Infinite loop )
DISPLAY
SERV. HEY
PSTORE. BUFF
RECEAT ; { Exit on key Q)

Screen # 43

Screer # 44

Lanaratory Microsystems PC/FORTH 3.@@ 13:31 1@s/3a/83 arctsd. scr

- 340 -




VONOTRDdWNHO

PN SN PN PN N SN NI PN PN ININ PN NN NN PN

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
ok

PN PN PN PN PN PN PPN PN NN NN N A S

CALIBRATION & TESTING SYSTEM

Variables
INIT.VAR, CTS.ADDR

Store Data Rate Parameter
Store Enable Rate Parameter
Store Bit Count Parameter

Start Data Rate, Reset Data

Reset Enable, Send Command

Read FIFO, Shift FIFO
Clear FIFO

SET.DATA.RATE, SET.ENABLE.RATE

INIT.CTS

WAIT, MSEC
SEND.COM

FDOS.EX

Set-up Interrupt
OIMR,

Interrupt Service 1

Interrupt Service Cont.
Interrupt Service Cont.

SET.BUFFERS

Interrupt test

Display and Command Table Variables

ODATA,

OLAT.DATA

.DATA

.DATE/TIME

DISPLAY , COM.LINE
File Storage Support
Storage support
Storage support
FILE.HEAD

STORE.BUF

STORE.BUFF

TABLE Support
SERVICE TABLE

Table Commands
COMMAND.TABLE
Service Command table
KEY Functions

RUN

{IMR, RESET. MASK
RESET.MASK, MASK 8259A

Rate
of 8259A
2
3
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